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METHODS FOR CU LTD RING HCV IN EUKARYOTIC CELLS 



Technical Reld 



The invention relates to in vitro ceil systems for the replication of a virus; more specifically, it relates to 
cell lines in which an etiologic agent of non-A non-B hepatitis (NANBH), hepatitis C virus (HCV) will 
5 replicate. 
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Background 

Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to be 
viral-induced, and that are distinguishable from other forms of viral-associated liver diseases, including that 
caused by the known hepatitis viruses, i.e., hepatitis A virus (HAV). hepatitis B virus (HBV). and delta 
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hepatitis virus (HDV), as well as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus 
(EBV). NANBH was first identified in transfused individuals. Transmission from man to chimpanzee and 
serial passage in chimpanzees provided evidence that NANBH is due to a transmissible infectious agent or 
agents. A viral agent HCV, has been identified as an etiologic agent of NANBH. 

5 The demand for sensitive, specific methods for screening and identifying carriers of NANBV and 
NANBV contaminated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in 
approximately 10% of transfused patients, and NANBH accounts for up to 90% of these cases. The major 
problem in this disease is the frequent progression to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of NANBH by blood and blood products or by 

jo close personal contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and 
antibodies related to NANBV. In addition, there is also a need for effective vaccines and immunotherapeutic 
therapeutic agents for the prevention and/or treatment of the disease. 

Tissue culture cells infected with an etiologic agent which causes NANBH would provide a source of 
viral polypeptides which could be used for immunoassays and/or for vaccines. In addition, they could be 

75 useful in drug screening programs in the development of antiviral agents for treating the disease. 

Immortalized human or non-human primate cell lines which are derived from liver, and are purportedly 
Infected with an etiologic agent causitive of NANBH have been reported in WO/87/05930, filed 1 April 1987, 
and published 8 October 1987. These cell lines are reportedly non-lymphocytic in nature. In addition, it has 
not been established that the agent which replicates in these cells is causitive of the disease. 

20 It has also been reported that a preparation of mononuclear leukocytes, which purportedly were mainly 
lymphocytes, isolated from a patient with NANBH, caused NANB when infused into a susceptible 
chimpanzee. Hellings et al. (1985). However, proof of NANBH infection was indirect in that it rested 
primarily on morphological and histological changes in the purportedly infected chimpanzee. Moreover, only 
one of the two chimpanzees receiving the blood celts was purportedly infected. 

25 

Disclosure of the Invention 

The present invention is directed to cells that may be used to propagate HCV in culture. The present 
30 invention is also directed to viral antigens produced by such cultures, and use such antigens, for example, 
in diagnostics. 

Accordingly, one aspect of the invention is a cell line infected with HCV. 

Another aspect of the Invention is a composition for the detection of an anti-HCV antibody comprised of 
an antigen from an in vitro cell infected with HCV, wherein the antigen is affixed to a solid substrate, 
35 wherein the antigen is Immunologically reactive with said anti-HCV antibody. 

Yet another aspect of the invention is an immunoassay for detecting antibodies directed against an HCV 
antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with an HCV antigen produced by 
an in vitro cell line, under conditions which allow the formation of an antibody-antigen complex; and 
40 (b) detecting the antibody-antigen complex containing the HCV antigen. 

Another aspect of the invention is a method for screening for an agent which inhibits HCV 
Still another aspect of the invention Is a method for proliferating virus comprising growing in culture 
HCV infected cells. 

45 

Brief Description of the Drawings 

Figure 1 shows a composite sequence of the HCV cDNA sense strand derived from HCV strain HCV1 . 
Figure 2 shows the nucleotide sequence of HCV cDNA clone 35, and the amino acids encoded therein. 

50 

Modes for Carrying Out the Invention 



I. Definitions 

55 

The term "hepatitis C virus" has been reserved by workers in the field for an heretofore unknown 
etiologic agent of NANBH. Accordingly, as used herein, "hepatitis C virus" (HCV) refers to an agent 
causative of NANBH, which was formerly referred to as NANBV and/or BB-NANBV. The terms HCV, 
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NANBV, and BB-NANBV are used interchangeably herein. As an extension of this terminology, the disease 
caused by HCV, formerly called NANB hepatitis (NANBH), is called hepatitis C. The terms NANBH and 
hepatitis C may be used interchangeably herein. 

The term "HCV, as used herein, denotes a viral species of which pathogenic strains cause NANBH, 

s and attenuated strains or defective interfering particles derived therefrom. The HCV genome is comprised of 
RNA. It is known that RNA containing viruses have relatively high rates of spontaneous mutation, i.e., 
reportedly on the order of 10" 3 to 10"* per incorporated nucleotide (Fields & Knipe (1986)). Therefore, 
there can be multiple strains, which may be virulent or avirulent within the HCV species. It is believed that 
HCV is a Ravi-like virus. The morphology and composition of FlavMrus particles are known, and are 

10 discussed in Brinton (1986). Generally, with respect to morphology, Flaviviruses contain a central 
nucleocapsid surrounded by a lipid bilayer. Virions are spherical and have a diameter of about 40-50 nm. 
Their cores are about 25-30 nm in diameter. Along the outer surface of the virion envelope are projections 
that are about 5-10 nm long with terminal knobs about 2 nm in diameter. 

cDNAS to the genome of a strain of HCV, denoted HCV1, are described in U.S.S.N. 355.002 (Attorney 

is Docket 2300-0063.28), filed May 18, 1989. which is commonly owned by the herein assignee, and which is 
in its entirety incorporated herein by reference. See also EPO Publication No. 0 318 216 and PCT App. No. 
US88/04125. which are also incorporated herein by reference. A composite sequence of the HCV cDNA 
sense strand is shown in Figure 1. Different strains or isolates of HCV are expected to contain variations at 
the amino acid and nucleic acids levels compared with HCV1. Many isolates are expected to show much 

20 (i.e., more than about 40%) homology in the total amino acid sequence compared with HCV1. However, it 
may also be found that other less homologous HCV isolates would be defined as HCV strains according to 
various criteria such as an ORF encoding a poryprotein similar in size to that of HCV1, an encoded 
polyprotein of similar hydrophobic and antigenic character to that of HCV1, and the presence of co-linear 
peptide sequences that are conserved with HCV1 . 

25 HCV encodes at least one epitope which is immunologically identifiable with an epitope encoded in the 
HCV1 genome. The epitope is unique to HCV when compared to other known Flaviviruses. The uniqueness 
of the epitope may be determined by its immunological reactivity with anti-HCV antibodies and lack of 
immunological reactivity with antibodies to other FlavMrus species. Methods for determining immunological 
reactivity are known in the art, for example, by radioimmunoassay, by EUSA assay, and by hemag- 

30 glutination. Examples of suitable techniques for determining immunological reactivity of HCV epitopes are 
described in U.S.S.N. 07/341,334, which Is commonly owned by the herein assignee, in Choo et al. (1989), 
and in Kuo et al. (1989). 

In addition to the above, the following parameters of nucleic acid homology and amino acid homology 
are applicable, either alone or in combination, in identifying a strain or isolate as HCV. Since HCV strains 

35 and isolates are evolutionary related, it is expected that the overall homology of the genomes at the 
nucleotide level probably will be about 40% or greater, prob ably about 60% or greater, and even more 
probably about 80% or greater; and in addition that there will be corresponding contiguous sequences of at 
least about 13 nucleotides. The correspondence between the putative HCV strain genomic sequence and 
the HCV1 cDNA sequence can be determined by techniques known in the art For example, they can be 

40 determined by a direct comparison of the sequence information of the polynucleotide from the putative 
HCV, and the HCV cDNA sequenced) described herein. For example, also, they can be determined by 
hybridization of the polynucleotides under conditions which form stable duplexes between homologous 
regions (for example, those which would be used prior to Si digestion), followed by digestion with single 
stranded specific nuclease^), followed by size determination of the digested fragments. 

45 Because of the evolutionary relationship of the strains or isolates of HCV, putative HCV strains or 
isolates are identifiable by their homology at the polypeptide level. Generally, HCV strains or isolates are 
expected to be more than about 40% homologous, probably more than about 70% homologous, and even 
more probably more than about 80% homologous, and some may even be more than about 90% 
homologous at the polypeptide level. The techniques for determining amino acid sequence homology are 

so known in the art. For example, the amino acid sequence may be determined directly and compared to the 
sequences provided herein. Alternatively the nucleotide sequence of the genomic material of the putative 
HCV may be determined (usually via a cDNA intermediate), the amino acid sequence encoded therein can 
be determined, and the corresponding regions compared. 

As used herein, a polynucleotide "derived from" a designated polynucleotide sequence refers to a 

55 polynucleotide sequence which is comprised of a sequence of approximately at least about 6 nucleotides, 
preferably at least about 8 nucleotides, more preferably at least about 10-12 nucleotides, and even more 
preferably at least about 15-20 nucleotides corresponding to a region of the designated nucleotide 
sequence. "Corresponding" means homologous to or complementary to the designated sequence. Prefer- 
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ably the sequence of the region from which the polynucleotide is derived is homologous to or complemen- 
tary "to a sequence which is unique to an HCV genome. Whether or not a sequence is unique to the HCV 
qenome can be determined by techniques known to those of skill in the art For example, the sequence can 
be compared to sequences in databanks. e.g.. Qenebank. to determine whether it is present in the 
uninfected host or other organisms. The sequence can also be compared to the known sequences of other 
viral agents, including those which are known to induce hepatitis. e.g.. HAV. HBV. and HDV. and to ottier 
members of the Flaviviridae. The correspondence or non-correspondence of the denved sequence to ottier 
sequences can also be determined by hybridization under the appropriate stringency conditions. Hybridiza- 
tion techniques for determining the complementarity of nucleic acid sequences are known in the art. and 
are discussed Infra. See also, for example. Maniatis et al. (1982). In addition, mismatches of duplex 
oolynucleotides formed by hybridization can be determined by known techniques, including for example, 
digestion with a nuclease such as 81 that specifically digests single-stranded areas in duplex jw y- 
nucleotldes. Regions from which typical DNA sequences may be "derived" include but are not limited to. 
for example, regions encoding specific epitopes, as well as non-transcribed and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, 
but may be generated in any manner, including for example, chemical synthesis or DNA replication or 
reverse transcription or transcription. In addition, combinations of regions corresponding to that of the 
designated sequence may be modified In ways known in the art to be consistent with an intended use. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length, either 
ribonucleotides or deoxyribonucleotJdes. This term refers only to the primary structure of the molecule. 
Thus, this term includes double- and single-stranded DNA. as well as double- and single stranded RNA.lt 
also includes modified, for example, methylatlon capping and/or by other modifications known in the art. 
including the substitution of an analog for one or more of the naturally occurring nucleotide bases, as well . 
as unmodified forms of the polynucleotide. acatU M„n v 

The term "purified viral polynucleotide" refers to a viral genome or fragment thereof which is essentially 
free i e.. contains less than about 50%. preferably less than about 70%. and even more preferably less 
than about 90% of polypeptides with which the viral polynucleotide is naturally associated. Techniques for 
purifying viral polynucleotides from viral particles are known in the art. and include for example. oTsrupfion 
of the particle with a chaotropic agent, differential extraction and separation of the polynucleotides) and 
polypeptides by ion-exchange chromatography, affinity chromatography, and sedimentation according to 

An "open reading frame" (ORF) Is a region of a polynucleotide sequence which encodes a polypeptide; 
this region may represent a portion of a coding sequence or a total coding sequence. 

A "coding sequence" is a polynucleotide sequence which is transcribed into mRNA and/or translated 
into a polypeptide when placed under the control of appropriate regulatory sequences. The boundaries of 
the coding sequence are determined by a translation start codon at the 5 -terminus and a gelation stop 
codon at the 3-terminus. A coding sequence can include, but is not limited to mRNA. cDNA. and 

recombinant polynucleotide sequences. 

"Immunologically identifiable with/as" refers to the presence of epitope(s) and polypeptides(s) which are 
also present in the designated polypeptlde(s). usually HCV proteins. Immunological identity may be 
determined by antibody binding and/or competition in binding: these techniques are known to those of 
average skill in the art and are also Illustrated Infra. 

Z used herein, "epitope" refers to an antigenic determinant of a polypeptide: an epitope could 
comprise 3 or more amino acids in a spatial conformation which is unique to the epitope. Generally an 
epitope consists of at least 5 such amino acids, and more usually, consists of at toast 8-10 such amino 
acids. Methods of determining the spatial conformation of amino acids are known In the art. and mclude, for 
example. X-ray crystallography and 2-dimensional nuclear magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to 
antibody recognition of a specific epitope contained within the polypeptide. Immunological reactivity may be 
determined by antibody binding, more particularly by the kinetics of antibody binding, and/or ^ ~rnpeWon 
in binding using as competitor(s) a known polypeptide^) containing an epitope against which me antibody 
is directed. The techniques for determining whether a polypeptide is immunologically reactive wrth an 

"TS SeZ^S "immunogenic polypeptide" refers to a po^ptide that elicits a ce.Ui.ar and 
; or humoral response, whether alone or when linked to a carrier in the presence or absence of an 

The term "polypeptide" refers to a polymer of amino acids and does not refer to a specific length , of the 
product thus, peptides, oligopeptides, and proteins are included within the definition of PO'VPepoda Jhis 
term also doeTnot refer to or exclude post-expression modifications of the polypeptide, for example. 
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glycosylations, acetylations, phosphorylations and the like. 

An "Individual ", as used herein, refers to vertebrates, particularly members of the mammalian species, 
and includes but is not limited to domestic animals, sports animals, and primates. Including humans. 

As used herein, the "sense strand" or "plus strand" of a nucleic acid contains the sequence that has 
5 sequence homology to that of mRNA, The "antisense strand" or "minus strand" contains a sequence which 
is complementary to that of the "sense strand" or "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or 
DNA. is single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA 
viruses include Togaviridae, Coronaviridae, Retrovirldae, Picornavirldae, and Calicrviridae. Included also, are 
ro the Raviviridae, which were formerly classified as Togaviradae, See Fields & Knipe (1986). 

As used herein, a "replicative intermediate" of an HCV genome refers to an RNA strand or fragment 
thereof, which is complementary to the viral genome, and which is synthesized during the course of viral 
replication; the replicative intermediate functions as a template for the synthesis of positive RNA strands. 

As used herein, "purified HCV" refers to a preparation of HCV which has been isolated from the cellular 
16 constituents with which the virus is normally associated, and from other types of viruses which may be 
present in the infected tissue. The techniques for isolating viruses are known to those of skill in the art, and 
include, for example, centrtfugation and affinity chromatography; a method of preparing purified HCV is 
discussed infra. 

As used herein, a "biological sample" refers to a sample of tissue or fluid isolated from an individual, 
20 including but not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of 
the skin, respiratory, intestinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, and 
also samples of In vitro cell culture constituents (including but not limited to conditioned medium resulting 
from the growth of cells in ceil culture medium, putatively virally Infected ceils, recombinant cells, and cell 
components). 

28 The term "oligonucleotide", as used herein, refers to primers, probes, oligomer fragments to be 
detected, oligomer controls and unlabeled blocking oligomers, and is defined as a molecule comprised of 
three or more deoxy ribonucleotides or ribonucleotides, typically contains more than four, typically a 
maximum of about 100 nucleotides. Its exact size will depend upon many factors, which in turn depend on 
the ultimate function or use of the oligonucleotide. 

30 The term "primer", as used herein, refers to an oligonucleotide which is capable of acting as a point of 
initiation of polynucleotide synthesis along a complementary strand when placed under conditions in which 
synthesis of a primer extension product which is complementary to a polynucleotide is catalyzed. Such 
condl tions include the presence of four different nucleotide triphosphates or nucleoside analogs and an 
agent for polymerization such as DNA polymerase or reverse transcriptase, in an appropriate buffer 

36 ("buffer" includes substituents which are cofactors. or which affect pH, ionic strength, etc), and at a suitable 
temperature. 

As used herein, the term "target region" refers to a region of the nucleic acid which is to be amplified 
and/or detected. 

As used herein, the term "probe" refers to a polynucleotide or oligonucleotide which forms a hybrid 

40 structure with a sequence in a target region, due to complementarity of at least one sequence in the probe 
with a sequence in the target region. Preferably the probe, however, does not contain a sequence 
complementary to sequencers) used to prime the polymerase chain reaction. 

As used herein, the term "thermostable nucleotide polymerase" refers to an enzyme which is relatively 
stable to heat when compared to nucleotide polymerases from E. coll and which catalyzes the polymeriza- 

45 tion of nucleotides. Generally, the enzyme will initiate synthesis at the 3'-end of the target sequence 
utilizing the primer, and wilt proceed in the s'-direction along the template until synthesis terminates. A 
representative thermostable enzyme isolated from Thermus aquaticus (Taq), and method for using it is 
described in Saiki et al. (1988). 

As used herein, the term "viral RNA", which includes HCV RNA, refers to RNA from the viral genome, 

so fragments thereof, transcripts thereof, and mutant sequences derived therefrom. 

As used herein, "cell line" refers to a propagated culture of cells after the first subculture, thus there are 
various embodiments including but not limited to individual cells, harvested cells, and cultures con taining 
cells so long as these are are derived from cells of the cell line referred to. By "derived" is meant progeny 
or issue. It is further known in the art that spontaneous or induced changes can occur In karyotype during 

56 storage or transfer. Therefore, cells derived from the cell line referred to may not be precisely identical to 
the ancestral cells or cultures, and the cell line referred to Includes such variants. The term "cell lines" 
includes immortalized cells. Preferably, cell lines exclude cells which are derived by the hybridization of 
three ceil types, for example, a trioma. 
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As used herein, an "In vitro" cell system refers to cells which have replicated in vitro, thus the term 
includes primary cultures and cell lines. 

As used herein, the term "blood cell" refers to cells found either circulating in the blood, in tissue, or in 
bone marrow, and includes cells of the myelocytic series, the monocytic series, the megakaryocytic series, 

5 the erythrocytic series, the lymphocytic series, and the plasmocytic series. The morphology by which these 
ceils can be distinguished is discussed in THE MORPHOLOGY OF HUMAN BLOOD CELLS (1985). 

As used herein, the term "peripheral blood cell" refers to a cell found circulating in the blood, and 
refers generally to eosinophils, neutrophils (both band and segmented), basophils, monocytes, throm- 
bocytes, erythrocytes, lymphocytes, and plasmocytss. 

io As used herein, the term "leukocyte" refers to to a heterogeneous group of blood cell types which 
includes everything except erythrocytes and platelets. 

As used herein, the term "lymphocyte" refers to a spherical ceil, 6-12 urn in diameter, involved in 
immune responses, with a large, round, and deeply staining nucleus and very little cytoplasm. Lymphocytes 
include B lymphocytes and T lymphocytes. 

75 As used herein, "B lymphocytes" are vertebrate white blood cells which, when mature, are involved in 
the production of antibody. Mature virgin B lymphocytes (i.e., these that have not encountered antigen) are 
characterized by the presence of the following surface markers: monomelic IgM receptors for antigen, Fc 
receptors for IgQ; and receptors for the activated form of C3b component of complement. 

Precursor B lymphocytes lack immunoglobulin products but may express other characteristic molecules 

20 that can be identified by specific monoclonal antibodies. These cells divide and undergo rapid transition to 
become large lymphoblasts with cytoplasmic u heavy chains but no light chains. The pre-B cell phenotype 
(cytoplasmic u chain \ light chain ~, surface Ig") can first be demonstrated in lymphoblasts actively 
engaged in DNA synthesis. Human pre-B cells express HLA-DR molecules on their surface and may also - 
express receptors for the C3b complement fragment However, they lack Fc recpetors for IgQ and have 

25 very few C3d/EBV receptors. Precursor B lymphocytes can also be recognized by their capacity to bind 
peanut agglutinin. 

Mature B lymphocytes may be either activated or resting. Activated B cells express several types of 
molecules that are not detected on resting B cells. These marker molecules are known by those of skill in 
the art and include, for example, inteiieukin-2 (IL-2) receptors, and transferrin receptors (the latter are 

30 expressed by all kinds of dividing cells). Activation of B cells provokes loss of membrane IgD, and both Fa, 
and C3b receptors are diminished on external membranes, whereas those for C3d/Epstein Ban* Virus (EB)V 
are not significantly affected. 

After antigen or mitogen stimulation, B lymphocytes may process along either of 2 branches of a dif 
ferentiation pathway. They can differentiate into plasma cells, or they can divide and then return to a resting 

35 state as memory B cells. Memory B cells have had a loss of IgO during activation; this molecule is not 
resynthesized by cells entering the memory cell pool. 

"Plasma cells" are terminally differentiated B lymphocytes. These cells are of ovoid shape, with an 
eccentric spoke-wheel nucleus, and intensely basophilic cytoplasm. When stained with fluorochrome- 
labeled antibodies to immunoglobulin determinants, fixed plasma cells display intense fluorescence throught 

40 their cytoplasm. Membrane-bound immunoglobulin and OR molecules are scant and receptors for Fc^ 
C3b, C3d, or EBV are generally undetectable. 

A "plasmablast" is both morphologically and functionally between the activated lymphocyte (also called 
B lymphoblast) and plasma cell stages. The cells are large, with a greater nuclearcytoplasmfc ratio than 
plasma cells. Membrane-bound immunoglobulins and Fc? receptors are present 

46 As used herein, a T lymphocyte" is a thymus-derived cell which may participate in a variety of cell- 
mediated immune responses. There are a variety of types of T lymphocytes, which are distinguishable by 
their function, and by their cell surface markers. Methods for distinguishing the classes of T lymphocytes, 
which include those of the T "helper" and T "suppressor" types are known in the art For example, 
monoclonal antibodies can be used to detect cell surface antigens, including the CO (cluster of differenti- 

50 ation) antigens. The T cell types marked by the CD antigens, and monoclonal antibodies which detect the 
specific antigens are shown in Table 1. 
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Comments 


Early T cell antigen also present on Langerhans cells, 
associated with beta 2 -mlcroglobulin not present on peripheral 
T cells. 


Pan-T cell antigen SRBC receptor on T cells. 


Also present on T cell ALL and cutaneous T cell lymphoma. 


Can be further subdivided into helper and inducer 
subsets. 


B cell CLL 


B cells following marrow transplant. 


Malignant T cells. 


T cell leukemlas. 


Can be further subdivided into cytotoxic and suppressor 
subsets. 


Antibody 
Designation 


3o 


Leu 5 

OKT11 

Til 


Leu 4 


Leu 3 

OKT4 

T4 


Leu 1 


T1 

T101 
OKT1 


T12 


Leu 9 
3A1 


Leu 2 
T8 


CD 
Designation 


CD1 


CD2 


CD3 


CD4 


CD5 


CD6 


CD7 

... 


CD8 


Cell Type Marked 


Cortical 
thymocytes 


rosette-forming 
cells 


Mature T cells 


Helper/inducer 
cells 


Pan-T and -B cell 
subpopulation 


Mature T and B cell 
subpopulation 


Pan-T cells, 
thymocytes 


Suppressor/cytotoxic 
cells 
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As used herein, "large granular lymphocyte" (LGL), also called natural killer (NK) cells, are another type 
of lymphocyte. These cells comprise a discrete population of large lymphocytes that can be distinguished 
morphologic features, for example, by characteristic azurophilic granules in their cytoplasm. In addition, LGL 

5 can be identified by methods which utilize specific monoclonal antibodies. Several monoclonal antibodies 
are available that detect either Fc receptors (Leu 11) or specific differentiation antigens (Leu 7. HNK-1, 
NKH-1. NKH-2) present on these cells. Some LGL cells also express antigens from the CD2 T ceil family. 
Methods for functional testing are also known in the art, and are based on the ability of these nonimmune 
cells to kill special target cells, for example, erythroleukemia ceil line K562. Methods of measuring 

io cytotoxocity are known in the art and include, for example the 51 Cr release assay. 

As used herein, "monocytes" denotes large agranulocytic leukocyte blood cells which are phagocytic. 
In humans, these cells are approximately 10-12 urn In diameter, with oval nuclei. Monocytes which are in 
tissue are known as macrophages. Monocytes/macrophages may be identified by their morphology. They 
are larger than granulocytes and most lymphocytes. They have round or kidney-shaped nuclei with fine, 

75 lightly stained granules. They may be detected by staining for their nonspecfic esterase, or alpha-nahtho! 
esterase. Monoclonal antibodies directed at specific differentiation antigens are also available, and include, 
for example. Leu M3, and OKT M1. The term "monocytes" includes monoblasts and promonocytes. The 
cells of the mononuclear phagocyte system, and their localization, are shown in Table 2; methods for 
distinguishing the cell types are discussed in BASIC & CLINICAL IMMUNOLOGY, 6th edition. 

20 

Table 2 



Cells of the Mononuclear Phagocyte System • 


Cells 


Localization 


Stem cells (committed) 

Monoblasts 

Promonocytes 

Monocytes 

Macrophages 


Bone marrow 
Bone marrow 
Bone marrow 
Bone marrow 
Tissues 


Normal state, free 


Histocytes 

Alveolar macrophages 
Pleural and peritoneal 
macrophages 


Connective tissues 
Lung 

Serous cavities 


Normal state, fixed 


Kupffer cells 
Osteoclasts 
Microglial cells 
Synovial type A cells 
Fixed tissue macrophages 


Liver 
Bone 

Nervous System 
Joints 

Spleen, lymph nodes, 
bonemarrow, and other 
tissues 


Inflammation 


Exudate macrophages 
Activated macrophages 
Elicited macrophages 
Epitheloid cells 
Multinucleated giant cells 
(Langerhans types and foreign 
body type) 


Any tissue 
Any tissue 
Any tissue 
Any tissue 
Any tissue 



• Adapted from Van Furth R (editor): Mononuclear Phagocytes: Functional 
Aspects , Martinus Nijhoff, 1980. 
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As used herein, the term "granulocyte" refers to a polymorphonuclear leukocyte which contains many 
cytoplasmic granules and a multilobed nucleus. Granulocytes include neutrophils, eosinophils, and 
neutrophils. Neutrophils are amoeboid in shape, and phagocytic, and stain with both basic and acidic dyes. 
5 Eosinophils and basophils contain cytoplasmic granules which stain with acid dyes and with basic dyes, 
respectively. 

"Bone marrow cells" include both primary bone marrow tissue and bone marrow cell lines from 
mammals, such as primates and humans. Methods of culturing primary bone marrow cells In vitro are 
known, as well as bone marrow cell lines such as IM-9, KG-1 and KG- 1a. See, e.g., ATCC CATALOG, 
to supra, at 381. Primary bone marrow cells may include, in addition to leukocytes and lymphocytes 
described elsewhere herein, progenitor cells such as pleuripotent stem cells. See, e.g., Civin U.S. Pat No. 
4,714,680. 



75 II. Description of the Invention 

The invention described herein allows the replication of HCV in cell lines. In a method of the invention, 
peripheral blood cells which are infected with replicating virions are detected. Preferably, the detection is 
accomplished by identifying replicative intermediates of the viral genome in preparations containing HCV 

20 infected cells. Alternatively, the virions may be detected using immunoassays to detect a population of HCV 
infected cells. Cell lines infected with HCV are prepared; these cell lines are usually derived from blood 
cells or their precursors, more usually are derived from mononuclear cells or their precursors. The 
preparation of the infected cell line may be accomplished by a variety of methods, including the following. ~ 
One option is to cultivate susceptible cells with concentrated culture fluids harvested from short term 

26 primary cultures of cells which are replicating the virus. Another option is to directly infect susceptible cells 
with isolated HCV particles. Still another option is to grow susceptible ceils in contact with HCV Infected 
cells. The susceptible cells may be from an established cell line, or may be primary cultures. Alternatively, 
infected cells from an individual with HCV may be fused with established cells from a cell line to produce a 
permanent cell line. Still alternatively, HCV infected blood cells isolated from an individual may be 

oo immortalized. Virions produced by the HCV infected cell lines are useful in immunoassays for the detection 
of anti-HCV antibodies, and as a substrate for the production of vaccines for treatment of HCV. 

The practice of the present invention will employ, unless otherwise indicated, conventional techniques 
of molecular biology, microbiology, hematology, cell and organ culture, recombinant DNA. and immunology, 
which are within the skill of the art Such techniques are explained fully in the literature. See, e.g., ATCC 

05 CATALOG OF CELL UNES & HYBRIDOMAS, 6th edition, 1988 (American Type Culture Collection, 
Rockville, Md.); BASIC & CUNICAL IMMUNOLOGY, 6th edition (Stitea, Stobo, and Welts, eds.. Appleton 
and Lange, Norwalk Conn/Los Altos, Ca, 1987); Boggs and Winkelstein, WHITE CELL MANUAL, edition 4 
(FA Davis Co., Phila, 1983); Diggs, Sturm, and Bell (1985), THE MORPHOLOGY OF HUMAN BLOOD 
CELLS (Abbott Laboratories. Abbott Park. II.); Freshney (1987), CULTURE OF ANIMAL CELLS: A MANUAL 

40 OF BASIC TECHNIQUE (Alan R. Liss, Inc., N.Y.); Maniatis, Fitsch & Sambrook, MOLECULAR CLONING; A 
LABORATORY MANUAL (1882); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); LYM- 
PHOKINES AND INTEFERONS: A PRACTICAL APPROACH (Clemens. Morris, and Gearing, eds., 1987); 
LYMPHOCYTES: A PRACTICAL APPROACH (Klaus, ed.. 1987); VIROLOGY: A PRACTICAL APPROACH 
(Many, ed., 1985); OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION 

45 (B.D. Hames & S.J. Higgins eds. 1984); IMMOBILIZED CELLS AND ENZYMES (IRL Press, 1986); B. 
Perbai. A PRACTICAL GUIDE TO MOLECULAR CLONING (1984); the series, METHODS IN ENZYMOL- 
OGY (Academic Press, Inc.); GENE TRANSFER VECTORS FOR MAMMAUAN CELLS (J.H. Miller and M.P. 
Calos eds. 1987, Cold Spring Harbor Laboratory), Methods in Enzymology Vol. 154 and Vol. 155 (Wu and 
Grossman, and Wu, eds., respectively), Mayer and Walker, eds. (1987), IMMMUNOCHEMICAL METHODS 

so IN CELL AND MOLECULAR BIOLOGY (Academic Press, London), Scopes, (1987), PROTEIN PURIFICA- 
TION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Verlag, N.Y.), and HANDBOOK OF EXPERI- 
MENTAL IMMUNOLOGY, VOLUMES MV (D.M. Weir and C. C. Blackwell eds 1986). All patents, patent 
applications, and publications mentioned herein, both supra and infra, are hereby incorporated herein by 
reference. 

55 

II A Detection and Isolation of HCV Infected Cells from an Individual 
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HCV infected cells in biological samples are screened for the presence of HCV polypeptides or HCV 
polynucleotides. Usually the biological samples are blood samples, from which the cells infected with HCV 
and/or replicating HCV are isolated and partially purified utilizing techniques known in the art, for example, 
by sedimentation through Ficoll-Paque (Pharmacia Corp.) solutions. 

s The screening technique used to detect viral material must be sufficiently sensitive to detect very 
limited amounts. For example, the presence of virions may be detected by immunoassay, using antibodies 
directed against a virion polypeptide(s). A suitable antibody is described in U.S.S.N. 355.002 (Attorney 
Docket No. 2300-0063.28), filed May 18. 1989. Methods for immunoassays, as well as methods for signal 
enhancement are known in the art 

10 The HCV genomic material, and replicative intermediates thereof, may also be detected by nucleic acid 
hybridization. Usually the system will involve amplification techniques in the hybridization assay. Such 
techniques are known in the art For example, the Enzo Biochemical Corporation "Bio-Bridge" system uses 
terminal deoxynucleotide transferase to add unmodified 3-poly-dT-tails to* a DNA probe. The poly dT-tailed 
probe is hybridized to the target nucleotide sequence, and then to a biotln-modified poly-A. PCT application 

is 84/03520 and EPA 124221 describe a DNA hybridization assay in which: (1) analyte is annealed to a single- 
stranded DNA probe that is complementary to an enzyme-labeled oligonucleotide; and (2) the resulting 
tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EPA 204510 describes a DNA hybridiza- 
tion assay in which analyte DNA is contacted with a probe that has a tail, such as a poly-dT tail, an 
amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence, and 

20 which is capable of binding a plurality of labeled strands. A particularly desirable technique may first involve 
amplification of the target HCV sequences in sera until the amplified sequences are at a detectable level. 
This may be accomplished, for example, by the polymerase chain reactions (PCR) technique described by 
Saiki et al. (1986). by Mullis, U.S. Patent No. 4,683,195. and by Mullis et al. U.S. Patent No. 4.683,202. The - 
amplified sequence(s) may then be detected using a hybridization assay which is described in co-pending 

as U.S. Serial No. 10932 (Attorney Docket No. 2300-0171), which was filed 15 October 1987, U.S. Serial No. 
185,201 (filed 22 April 1988), and U.S. Serial No. 252,638 (filed 30 September 1988), which are assigned to 
the herein assignee, and are hereby incorporated herein by reference. These hybridization assays, which 
should detect sequences at the level of 10 € /ml, utilize nucleic acid multimers which bind to single-stranded 
analyte nucleic acid, and which also bind to a multiplicity of single-stranded labeled oligonucleotides. A 

30 suitable solution phase sandwich assay which may be used with labeled polynucleotide probes, and the 
methods for the preparation of probes is described in EPO 225.807, published June 16, 1987, which is 
assigned to the herein assignee, and which is hereby incorporated herein by reference. 

A preferred method for detecting HCV genomic sequences is described in the Examples. This method 
is based on an HCV/cPCR method described in U.S.S.N. (attorney docket 2300-0063.27). filed May 18, 

35 1989, which is commonly owned by the herein assignee, and which is hereby incorporated herein by 
reference. The method utilizes primers and probes based upon a family of cDNA replicas of portions of the 
HCV genome; a composite sequence of the cDNA plus strand derived from this family of cDNAs is shown 
in Figure 1 . The first step in the method is the synthesis of a cDNA to either the HCV genome or its 
replicative intermediate, using reverse transcriptase. If replicative intermediates are to be detected, the 

40 primer is complementary to only the negative strand of HCV RNA (i.e. the strand which is the replicative 
intermediate). After synthesis of the HCV cDNA, and prior to amplification, the RNA in the sample is 
degraded by techniques known in the art. for example, by alkali denaturation, or by treatment with an RNA 
specific RNase. 

It is anticipated that variant strains of HCV will be present in the infected cells of various individuals. 
46 Therefore the detection methods should be directed to constant epitopes or genomic sequences of HCV. 

Utilizing the HCV/cPCR method to screen fractions of blood cells separated on Ficoll-Paque, replicative 
intermediates of the HCV genome were detected in a partially purified composition of cells derived from 
peripheral blood (See infra in the Examples). This composition is comprised of lymphocytes, 
monocytes/macrophages, platelets, and small amounts of other white blood ceil types. The sedimentation 
so through Ficoll-Paque fractionates these cells, which band to the interface, from erythrocytes and 
granulocytes, which are of greater density. 

Further identification of the infected cell types may be accomplished by utilizing techniques known in 
the art for example by immunoassays which are directed to distinguish between the various types of blood 
cells. Monoclonal antibodies which are directed to surface epitopes on various lymphocytes, and 
55 monocytes/macrophages are known in the art. Thus. HCV infected cells may be isolated and identified by 
immunologic binding to specific cell surface antigens. 
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II.B. Preparation of In vitro Infected Cell Systems 

A variety of methods may be used to prepare In vitro cells, including cell lines, infected with HCV. 
Candidate cells for infection and propagation In vitro can be from any of the above-mentioned cell types, 
5 such as lymphocytes or bone marrow cells. The discovery that repiicative intermediates of the HCV 
genome are present in leukocytes in the peripheral blood of Infected humans is indicative of the cell type 
which may support viral replication in vitro, i.e., in at least one of the cell types in the population of 
leukocytes which band at the interface of a leukocyte suspension sedimented through Ficoll-Paque, i.e., 
mononucleocytes. (This procedure generally removes normal erythrocytes and granulocytes from peripheral 

ro blood samples). Further fractionation procedures may be used to separate the different types of mon- 
onucleocytes to determine the presence of HCV repiicative intermediates and/or HCV antigens associated 
with these cell types. Procedures for separating different types of monocytes, e.g., various types of 
lymphocytes, and macrophages, are known in the art See, e.g. ( LYMPHOCYTES: A PRACTICAL AP- 
PROACH (Klaus, ed.). These procedures may use monoclonal antibodies directed towards specific cell 

is types; the monoclonal antibodies may be affixed to solid substrates, e.g.. plates with wells, or magnetic 
beads. Alternatively, sorting techniques, which rely upon cell sorter instruments may be used. The selection 
may be either positive or negative to enrich and/or select the desired cells in the population of mon- 
onucleocytes. Based upon fractionation studies which isolated lymphocytes and macrophages from the 
monocyte population, it is suggested that a preferred cell type for replication may be lymphocytes and/or 

20 macrophages/monocytes. 

Since replication of HCV occurs within mononucleocytes in vivo, tt Is expected that infected cell lines 
may be derived from known established cell lines of these types, many of which are available from the 
American Type Culture Collection, and which may include, for example. B cell Unas (e.g., EBV transformed 
B cell derived lines such as B95-8, DAKIK1, LTR228, Mo-B, SC-1, WIL2-NS; B cell lines such as Ia2, BL-3, 

25 UC 729-6, Namalwa, U-937, Ramos (RA-1), BCLi done 5Bib. MC/CAR IA2, YB2/0. CA3-F4, SHM-D33, 
CW13.20-3B3, 8C9-E%, WM-115. WM 266-4, WEHI-231. WEHI-279, NFS-1.0 C-t); monocyte lines (e.g.. 
THP-1, WEHI-274.1), mouse lymphoma lines (e.g„ 2pk-3), pro-B lymphoblasts (e.g„ NFS-70 C-10), pre-B 
lymphoblasts (e.g., NFS-25 C-3), T-cell derived lines (e.g., CTLL-2, HuT 102, D10.G4.1, LBRM-33 clone 
4A2, HuT78, CI.LylV/9, UCD-MLA-144. 8T-CEM 20, 6T-CEM, CCRF-CEM. H8/HTLV-MB, CCRF-SB; 

30 CCRF-HSB-2, CEM-CM3, Mo, MOLT-3. MOLT-4, BW5147.3. BW5147.G.1.4, C1498, RAW8.1, CTLL-2, and 
BW5147.G.1.4.0UA R .1). Additional human leukemic cell lines of interest include K562 and ARH-77. 
Conditions for the in vitro culture of these cells is described in ATCC CATALOG OF CELL LINES AND 
HYBRIDOMAS, 6th Edition, 198a 

Another type of cell system in which HCV may replicate In vitro is in primary cultures of ceil types of 

36 cells which are infected with HCV In vivo. Primary cultures, as used herein, refers to culture of cells that 
are directly derived from cells or tissues from an individual, as well as cells derived by passage from these 
cells, but not to immortalized cells. Methods for preparing primary cultures, particularly of mononucleocytes. 
and conditions for their growth In vitro are known in the art (See, for example, LYMPHOCYTES: A 
PRACTICAL APPROACH (Klaus, ed.), particularly Hunt (1987); and Freshney (1987). Generally, normal 

40 mature macrophages do not proliferate; however, replicating precursor cells of macrophages may be 
cultured by techniques known in the art. See, for example, Freshney (1987), pp. 284-287. 

Still another type of cell system in which HCV may be replicated is in immortal cell fines derived from 
primary cultures of mononucleocytes. Methods to obtain immortalized cell lines of types of mon- 
onucleocytes are known in the art For example, methods for growing and immortalizing B cells, T cells, 

45 and macrophages in culture are described in LYMPHOCYTES: A PRACTICAL APPROACH (Klaus, ed.); 
LYMPHOKINES AND INTERFERONS (Clemens, Morris, and Gearing, eds), and Freshney (1987). For 
example, B-cell lines are often immortalized by infection with Epstein-Barr virus (EBV). This may be 
accomplished by incubating mononucleocytes from Infected cells with the supernatant from an EBV 
infected cell line which is a chronic shedder of EBV, for example, ATCC CRL 1612 cells (B95-8). 

so The growth of mononucleocytes in culture often requires the presence of stimulatory protein factors 
(also called cytokines) in the culture medium; these factors are usually produced by a cell of another type. 
A supply of the cytokines may be provided in conditioned medium, i.e., cell culture supernatant from cells 
which produce the desired factors; or it may also be provided by feeder cells. The requirement may also be 
met by the provision of the purified cytokines. Cytokines include, for example, the following. Interleukin 1- 

65 alpha and beta (also called lymphocyte activating factor, epidermal cell derived thymocyte activating factor, 
and haemopoietin H1); these lymphokines are derived from multiple cell types, including monocytes, 
lymphocytes, and keratinocytes. Interleukin 1 -alpha and beta have multiple actions, including stimulating 
interleukin 2 production and haematopoietic activity. Interleukin 2 (also called T-cell growth factor), derived 
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from T-lymphocytes. and which stimulates T and B cell proliferation and differentiation, macrophage 
activation, and natural killer cell activation, interleukin 3 (also called Multi-CSF), which is derived from T- 
lymphocytes. and which has a pluripotent effect on growth and differentiation, and which stimulates mast 
cell growth. Interleukin 4 (also called B-cell growth factor I), which is derived from T-lymphocytes. and 

5 which stimulates T and B cell proliferation and differentiation. Interleukin 5 (also called B-cell growth factor 
II), which is derived from T-lymphocytes, and which stimulates eosinophil differentiation (and which, in the 
mouse system, acts as a B-cell growth factor). Low molecular weight B-cell growth factor, which is derived 
from T-lymphocytes, and which stimulates B-celi proliferation. B-cell stimulatory factor 2 (also called 
interferon beta-2), which is derived from T-lymphocytes, and which stimulates B cell differentiation. 

io Interferon-y (also called immune interferon), which is produced by T-lymphocytes, and which activates 
macrophages. Granulocyte colony stimulating factor, which is derived from a number of cell types, and 
which stimulates the growth and differentiation of granulocytes. Macrophage colony stimulating factor (CSF 
1), which is derived from a number of cell types, and which stimulates the growth and differentiation of 
monocytes/macrophages. Granulocyte macrophage colony stimulating factor, which is derived from a 

75 number of cell types, and which stimulates the growth and differentiation of monocytes/granulocytes. 

Infection of a susceptible cell line with HCV may be accomplished by any one of several techniques 
which are used in the art to infect cells with virus, particularly with an RNA virus, and more particularly with 
a Ravivirus. Generally, virus particles adsorb to cultured cells at physiological temperatures. The virus 
penetrates, uncoats, replicates its nucleic acid in the nucleus or cytoplasm, and after transcription and 

20 translation assembles progeny virions which egress either by cell lysis or budding. The number of progeny 
virus particles released from one cell is referred to as the burst size. Virus is titrated by adsorbing serial 
tenfold dilutions to cells and counting the resultant plaques after appropriate incubation at the permissive 
temperature. 

Viral infection of susceptible ceils may be accomplished by cocuttivation of the susceptible cells and 
25 HCV infected cells. The HCV infected cells may be from a primary culture. Usually the HCV infected cells 
and the primary cells are incubated together in approximately equal numbers in an appropriate cell culture 
medium. The medium may contain Polybrene, or a functionally similar substance, in an appropriate 
concentration. The incubation is of sufficient time and at the appropriate temperature to allow the newly 
replicated virus from the HCV infected cells to allow attachment and uptake by the susceptible cells. 
30 The infection of susceptible cells may also be accomplished using virus containing cell-free super- 
natants of HCV infected ceils. Generally the susceptible cells are pretreated with an appropriate concentra- 
tion of Polybrene (or a functionally similar substance), and then exposed to concentrated culture fluids 
harvested from short-term primary cultures of HCV infected cells derived from infected individuals. 

Susceptible cells may also be infected with virus isolated from HCV containing biological samples. 
35 Suitable methods for the isolation of viruses, particularly RNA containing viruses, and more particularly 
Togaviruses and Flaviviruses are known in the art. for example, see VIROLOGY: A PRACTICAL APPROACH 
(Many, ed.). Also described therein are cells which may be suitable for infection, and growth conditions for 
these cells. 

Another method for preparing HCV infected cells in vitro may be by the fusion of HCV infected 
40 mononuclear cells with susceptible cells. Methods for fusing somatic cells are known in the art. as are 
methods for the selection of fused cells. For example, fusion may be catalyzed by the presence of virus, 
e.g.. EBV, Sendai virus, and the like, or by the presence of chemicals, e.g., polyethylene glycol, which 
induce fusion. The susceptible cell may carry a marker which prevents its growth in the selection media. 
e.g., the cells may be phenotypically negative for thymidine kinase. Selection is then in media which 
45 requires thymidine kinase, e.g., HAT medium. This method is particularly suitable if the HCV infected 
mononuclear cells isolated from the infected individual do not replicate in vitro, A suitable method for the 
preparation fused cells which may replicate HCV is that described in WO 87/05930. except that the tissue 
specific cell (reportedly a hepatocyte) which is used to form the trioma is replaced with an HCV infected 
mononucleocyte. 

so Yet another method of preparing an HCV infected cell line is by immortalization of infected cells 
isolated from an HCV infected individual. Generally, mononuclear cells are isolated from peripheral blood. If 
desired, the mononuclear cell population may be further fractionated. The cells are then grown in primary 
culture. Immortalization may be accomplished by growing and passaging the cells through the cell crisis 
period, at which point the majority of cultured cells die; the resulting cells are immortal. Alternative methods 

55 for producing immortal T-cells, B-cells, and macrophages are described supra. 

HCV replication in the HCV infected ceil lines prepared as described supra may be detected by a 
variety of assays. For example, viral assays may depend upon the cytopathlc or transforming characteristics 
of the virus. Cytopathlc viruses may be assayed by their antimetabolic effects in microtitration plates or by 
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the formation of characteristic piaques in monolayers of the appropriate susceptible host cell. A viral 
suspension is serially diluted and aded to monolayer culture plates. The number of plaques forming at the 
limiting dilution is taken as equivalent to the number of infectious particles in the supernatant medium, 
allowing the concentration of virus in the initial sample to be calculated. Characterization of the virus may be 
5 performed with specific antisera, measuring the cytopathic effect of the virus, by immunoassay, or by the 
cPCR/HCV assay for HCV RNA, described supra 

Transforming viruses may be assayed by, for example, the selective growth of transformed clones in 
suspension, or by looking for transformation foci in monolayer cultures. 

in the event that the virus of interest is exhibits neither a detectable cytopathic nor a transforming effect, 
ro it may be detected in the infected cell preparation or infected cell lysate by a number of techniques, 
including, for example, immunoassay using a labeled antibody(s) which is specific for the virus, immunoas- 
say of polypeptides labeled during replication using anti-HCV antibodies, and the detection of viral nucleic 
acids, for example, an enriched population of negative strands complementary to viral positive strands, or of 
viral nucleic acids labelled during an in vitro viral synthesis period. 

75 

il.C. Immunoassays Using Antigens from HCV Infected Cells 

The antigens from HCV infected ceils which react immunologically with serum containing HCV 

20 antibodies are useful in immunoassays to detect presence of HCV antibodies in biological samples. The 
HCV antigens can take the form of, inter alia, purified or partially purified virus particles or viral 
polypeptides, disrupted virus, or infected cells or cell lysate therefrom. The production of the various forms 
of viral antigen from tissue culture sources is well-known in the art Design of the immunoassays is subject 
to a great deal of variation, and a variety of these are known in the art For example, an immunoassay may 

25 use a combination of viral epitopes derived from the same or from different viral polypeptides. It may use, 
for example, one or more viral antigens isolated from the HCV infected cell or from isolated HCV. 
Alternatively, fixed cells directly from culture may be used if viral epitopes are expressed internally or 
externally, or alternatively, cellular lysates may be used, it may also use, for example, whole disrupted 
virions. General methods for preparing disrupted virions are known in the art 

30 Immunoassay protocols may vary. Protocols may be based, for example, upon competition, or direct 
reaction, or sandwich type assays. Protocols may also, for example, use solid supports, or may be by 
irnmunoprecipttation. Most assays involve the use of labeled antibody or polypeptide; the labels may be, for 
example, fluorescent, chemiluminescent radioactive, or dye molecules. Assays which amplify the signals 
from the probe are also known; examples of which are assays which utilize biotin and avidin, and enzyme- 

35 labeled and mediated immunoassays, such as EUSA assays. 

A suitable immunoassay may utilize disrupted virons in an EUSA format The enzyme-linked im- 
munosorbent assay (EUSA) method depends upon conjugation of an enzyme to either an antigen or an 
antibody, and uses the bound enzyme activity as a quantitative label. To measure antibody, the known 
antigen is fixed to a solid phase, (e.g., a microplate or plastic cup), incubated with anti-immunoglobuiin 

40 labeled with enzyme, and washed again. Enzymes suitable for labeling are known in the art, and include, for 
example, horseradish peroxidase. Enzyme activity bound to the solid phase is measured by adding the 
specific substrate, and determining product formation or substrate utilization colorimetricaJly. The enzyme 
activity bound is a direct function of the amount of antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing 

45 antigen is added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is 
added. After washing, substrate is added, and enzyme activity is estimated colorimetrically, and related to 
antigen concentration. 

Thus, for example, to detect anti-HCV antibodies using an EUSA format, isolated HCV, soiubilized, e.g., 
with detergent, may be used to coat appropriate microtiter plates. After the viral antigens are bound, another 
so protein is also used to coat the plates, to prevent nonspecific binding of antibodies. The biological sample 
to be tested for anti-HCV antibodies is added to the plates, and the formation of HCV antibody-HCV antigen 
complexes is detected. 

Another suitable immunoassay may utilize gel electrophoresis of HCV lysates, followed by Western 
blotting with the biological sample to be tested for anti-HCV antibodies. The formation of HCV antibody-HCV 
55 antigen complexes is detected using techniques known in the art 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by 
packaging the appropriate materials, including the antigens derived from the HCV infected cells in suitable 
containers, along with the remaining reagents and materials required for the conduct of the assay, as well 
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as a suitable set of assay instructions. 

II. D. Use of Infectabte Cells in Screening for Antiviral Agents 

5 

The cells described herein which are capable of replicating HCV, may be used to screen for antiviral 
agents which inhibit HCV replication, and particularly for those agents which preferentially allow cell growth 
and multiplication while inhibiting viral replication. The screening methods which can be used are those 
which examine the inhibition of virus replication in the presence of the putative antiviral agent Generally, 

to the antiviral agents are tested at a variety of concentrations, for their effect on preventing viral replication in 
a cell culture system which supports viral replication, and then for an inhibition of infectivity or of viral 
pathogenicity (and a low level of toxicity) in an animal model system. 

Included within antiviral agents are antibodies which block viral infection (neutralizing antibodies). The 
ability of anti-HCV antibodies to prevent the infection of the ceils In vitro can be determined using the 

15 assays described herein to determine whether viral replication is inhibited by the presence of the putative 
anti-HCV antibodies. For example also, virus produced in infected cells may also be used as a source of 
antigens to determine whether antibodies are HCV specific. 



20 HI. Examples 



111 A Detection of HCV RNA in Mononuclear Cells From Individuals with NANBH 

25 The detection of HCV RNA in mononuclear cells from blood of individuals with chronic NANBH was 

accomplished using essentially the cPCR/HCV assay described in U.S.S.N. 07/355,961. 

Blood obtained from 5 individuals with chronic NANBH and which tested positive for anti-HCV 

antibodies using an HCV-C100 antigen immunoassay, and from 5 control individuals (reportedly free of 

NANBH, and which was negative in the immunoassay) was examined for the pres ence of HCV RNA in the 
30 mononuclear fraction. A mononucieocyte fraction from the samples was obtained by sedimentation through 

Ficoll-Paque (Pharmacia), following the manufacturer's directions. 

The cPCR/HCV assay used in these studies were performed utilizing the following methods for the 

preparation of RNA, the reverse transcription of the RNA into cDNA, the amplification of specific segments 

of the cDNA by PCR, and the analysis of the PCR products. 
35 Total RNA was isolated from the mononucieocyte fraction. The cONA used as a template for the PCR 

reaction was prepared utilizing the designated samples for preparation of the corresponding cONAs. Each 

RNA sample (corresponding to ceils in 10 microliters of blood) was incubated in a 25 microliter reaction 

containing 1 micromolar of each primer, 1 millimolar of each deoxyribonucleotide triphosphate (dNTP). 50 

miltimolar Tris-HCL pH 8.3, 5 millimolar MgCI 2 , 5 millimolar dithiothreitot (DTT), 73 millimolar KCI. 40 units 
40 of RNase inhibitor (RNASIN), and 5 units of AMV reverse transcriptase. The incubation was for 60 minutes 

at 37* C. Following cDNA synthesis, the reactions were diluted with 50 microliters of deionized water (DIW), 

boiled for 10 minutes, and cooled on ice. 

Amplification of a segment of the HCV cONA was performed utilizing two synthetic 16-mer 

oligonucleotide primers whose sequences were derived from HCV cDNA clones 36 (anti-sense) and 37b 
45 (sense). The sequence of the primer from ctone 36 was: 

5 QCA TQT CAT QAT GTA T 3'. 

The sequence of the primer from clone 37b was: 

5 ACA ATA CQT QTQ TCA C 3'. 

The primers were used at a final concentration of 1 micromolar each. In order to amplify the segment of 
50 HCV cDNA which is flanked by the primers, the cDNA samples were incubated with 0.1 microgram of 
RNAse A and the PCR reactants of the Perkin Elmer Cetus PCR kit (N801-0043 or N801-0055) according to 
the manufacturer's instructions. The PCR reaction was performed for either 30 cycles or 60 cycles in a 
Perkin Elmer Cetus DNA thermal cycler. Each cycle consisted of a 1 minute denaturation step at 94* C, an 
annealing step of 2 minutes at 37* C, and an extension step of 3 minutes at 72* C. However, the extension 
55 step in the final cycle (30 or 60) was 7 minutes rather than 3 minutes. After amplification the samples were 
extracted with an equal volume of phenol: chloroform (1:1), followed by extraction with an equal volume of 
chloroform, and then the samples were precipitated with ethanol containing 0.2 M sodium acetate. 

The cPCR products were analyzed as follows: The products were subjected to electrophoresis on 1 .8% 
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alkaline agarose gels according to Murakawa et al. (1988). and transferred onto Zeta Probe paper (BioRad 
Corp.) by blotting gels overnight in 0.4 M NaOH. The blots were neutralized in 2 x SSC (1 x SSC contains 
0.15 M NaCI, 0.015 M sodium citrate), prehybridized in 0.3 M NaCI. 15 mM sodium phosphage buffer, pH 
8.8. 15 mM EDTA, 1.0% SDS, 0.5% nonfat milk (Carnation Co.), and 0.5 mg/ml sonicated denatured salmon 

6 sperm DNA. The blots to be analyzed for HCV cDNA fragments were hybridized to a ^P-labeled probe 
generated by nick translation of the HCV cDNA insert sequence in clone 35, shown in Rgure 2. After 
hybridization, the blots were washed in 0.1 x SSC (1 x SSC contians 0.1 5M NaCI, 0.01 M Na citrate) at 
65* C, dried, and autoradiographed. The expected product size is 586 nucleotides in length; products which 
hybridized with the probe and migrated in the gels in this size range were scored as positive for viral RNA 

io As a control, cPCR primers designed to amplify «1 -antitrypsin mRNA was performed to verify the 
presence of RNA in each sample analyzed. The coding region of the al -antitrypsin gene is described in 
Rosenberg et al. (1984). Synthetic 16-mer oligonucleotide primers designed to amplify a 365 nucleotide 
fragment of the coding region of the 0a1 -antitrypsin gene were derived from nucleotides 22-37 (sense) and 
nucleotides 372-387 (anti-sense). The PCR products were detected using a K P nick-translated probe which 

is lies between, and not including, the cDNA/PCR primer sequences. 

Due to the extreme sensitivity of the PCR reaction, all samples were run a minimum of three times. All 
false positive signals were eliminated when the following precautions were taken: 1) eliminating aerosols by 
using screw capped tubes with rubber O-ring seals; 2) pipetting with Ranin Microman positive displacement 
pipetters with disposable pistons/capillaries; and 3) selecting the oligonucleotide sequences for the cDNA 

20 and PCR primers from two non-contiguous cDNA clones. 

The results showed that mononucleocytes from 5 of 5 HCV anti-C100 antibody positive samples were 
positive for HCV RNA in the cPCR HCV assay. Ail of the controls were negative In the same assay. 



26 III.B. Detection of HCV RNA Minus Strands in Mononucleocytes from HCV Infected Individuals 



The detection of minus strands in peripheral blood mononucleocytes was accomplished using the 
cPCR/HCV assay essentially as described in Section III A, except that the cDNA was synthesized using 
either the 16mer primer from clone 36 (\.e., primer 36/16A), described in Section IDA to prime the plus 
30 strand of HCV RNA, or the complement of the 16-mer (he., primer 36/1 6B), to prime the negative strand. In 
order to carry out the subsequent PCR reaction, the cDNA reaction mixture was boiled and treated with 
RNase prior to the addition of the second primer. 

The results of the cPCR/HCV assay showed that 5 of the HCV anti-C100 antibody samples were 
positive for HCV negative strands; of these five samples, two showed high levels of HCV RNA negative 
35 strands. All 5 of these samples were about equally positive for the plus strands of HCV RNA. Of the five 
control samples, all were negative for both plus and minus strands of HCV RNA 

As an additional control, plasma samples from three of the HCV positive individuals were also analyzed. 
The signal obtained from the positive strands were at least 5 to 10 times stronger than was the signal for 
the negative strands. Thus, the plasma samples were strongly positive for the plus strands, and only weakly 
40 positive to negative for the minus strands. 

In HCV, which is Ravi-like, the viral genome is positive stranded RNA. The discovery of the great 
enrichment of negative strands of HCV RNA in monocytes relative to that in plasma, suggests that 
replicative Intermediates of the viral genome are present In these cells. 

45 

IV. Commercial Utility 

HCV infected ceil systems, which are infected and/or replicated In vitro, including HCV infected cell 
lines, serve as a source of viral antigens which are useful in the detection of HCV antibodies, and hence in 
so the diagnosis and the screening of biological materials (including blood) for HCV. These antigens also may 
have use in the preparation of vaccines for the treatment (prophylactic and/or therapeutic) of viral infections. 

In addition, these cell systems are useful in the screening of anti-viral agents directed at preventing 
HCV replication, including antibodies which can neutralize infection or mediate antibody-dependent cellular 
cytotoxicity (ADCC). 

55 While the invention has been described above by way of illustration, the present invention is not limited 
thereto and its scope is to be defined by the appended claims and the equivalents thereof. All of the 
references cited above are incorporated by reference herein. 
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Claims 

1. A ceil line infected with HCV. 

2. The celt line of claim 1, wherein the cells in the cell line are mononuclear celts. 
5 3. The cell line of claim 2, wherein the mononuclear cells are lymphocytes. 

4. The cell line of claim 3, wherein the lymphocytes are B lymphocytes. 

5. The cell line of claim 3, wherein the lymphocytes are T lymphocytes. 

6. The cell line of claim 2, wherein the mononuclear cells are macrophage precursor cells. 

7. The cell line of claim 1 . wherein the cells are mononuclear cells comprised of an antigen selected from 
ro the group of antigens CD1, CD2, CD3, CD4, COS, CD6, CD7, and CD8. 

8. The cell line of claim 1, wherein the cells are mononuclear ceils selected from the group consisting of 
stem cells derived from the bone marrow, monoblasts, promonocytes, monocytes, and macrophages. 

9. The cell line of claim 8, wherein the macrophages are selected from the group consisting of histocytes, 
alveolar macrophages, pleural macrophages, peritoneal macrophages. Kupffer ceils, osteoclasts, synovial 

75 type A cells, fixed tissue macrophages, exudate macrophages, activated macrophages, elicited macro- 
phages, epitheloid cells, and precursor cells from which these cells are derived. 

10. The cell line of claim 1, wherein the celts are derived by infection of a cell selected from the group of 
cell tines B95-8, DAKIKI, LTR228, Mo-8, SC-1, WIL2-NS!a2. BL-3. UC 729-6. Namatwa. U-937. Ramos (RA- 
1), BCLi clone 5Bib. MC/CAR, IA2, YB2/0, CA3-F4, SHM-D33. CW13.20-3B3. BC9-E%. WM-115, WM 266- 

20 4. WEHI-231, WEHI-279. NFS-1.0 01.THP-1. WEHI-274, 12pk-3, NFS-70 C-10, NFS-25 C-3, CTLL-2, HuT 
102, D10.G4.1, LBRM-33 clone 4A2. HuT78, CI.Ly 1*2-/9. UCD-MLA-144. 6T-CEM 20, 6T-CEM, CCRF- 
CEM. H9/HTLV-HIB. CCRF-CEM; CCRF-HSB-2, CEM-CM3, Mo, MOLT-3, MOLT-4, BW5147.3, 
BW5147.Q.1.4, C1408, RAW8.1. CTLL-2. and BW5147.G.1.4.0UA R .1. 

11. A composition for the detection of an anti-HCV antibody comprised of an HCV antigen from an In vitro 
25 cell infected with HCV, wherein the antigen is affixed to a solid substrate, and wherein the antigen is 

immunologically reactive with said anti-HCV antibody. 

12. A composition according to claim 11, wherein the composition is comprised of a lysate of cells from the 
cell line of claim 1. 

13. A composition according to claim 11, wherein the composition is comprised of a lysate of HCV from the 
30 cell line of claim 2. 

14. A composition according to claim 11, wherein the composition is comprised of a lysate of HCV from 
cells selected from the cells of claim 7, claim 8, claim 9, and claim 10. 

15. A composition according to claim 11, wherein the composition is comprised of a cell of claim 1 affixed 
to a solid substrate. 

35 18. A composition according to claim 11, wherein the composition is comprised of a cell of claim 2 affixed 
to a solid substrate. 

17. A method for screening for an agent which inhibits HCV replication comprising: 

(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

40 (c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the 
absence of (a) allow infection of and replication of HCV in the celt line: and 

(e) detecting an inhibition of viral replication after the incubating in (d). 



so 



55 
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SEQUENCE OF THE HCV cDNA SENSE STRAND 



(AS DEDUCED FROM OVERLAPPING CLONES bll4a/18g/ 

ag30a/CA205a/CA290a/CA216a/pil4a/CA167b/CA156e/ 
CA84a/CA59a/K9-l/26j/13i/12f/14i/llb/7f/7e/8h/ 
33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/ 
39c/35f/19g/26g/15e/b5a/l6jh) 



CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAA 
AGCGTCTAGCCATG6C6TTA6TATGAGTGTC6TGCA6CCTCCAGGACCCCC 
CCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATT 
GCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGAT 
TTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAG 
GCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAG-300 

(Putative initiator methionine codon) 

i 
i 

GTCTCGTAGACCGTGC^CCATGAGCACGAATCCTAAACCTCAAAAAAAAAA 

CAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGG 

TCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGG 

TGTGCGCGCGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACG 

TCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCC 

CGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGC-600 

GGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGA 

CCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTG 

CGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGG 

AGGCGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGT 

GAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCT 

GGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGT-9 0 0 

GCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAG 

TATTGTGTACGAGGCGGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCC 

TTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTGGCGATGACCCCTAC 

GGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCAGCTTCGACGTCACAT 

CGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGA 

CCTATGCGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTC-12 00 

TCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGG 

CCATATAACGGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCC 

TACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTT 

GGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGTATTT 

CTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGC 

CGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGTGCCGGCCA— 1500 

CACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGT 

CCAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAA 

CTGCAATGATAGCCTCAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCA 

CAAGTTCAACTCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCT 

TACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGG 

CCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTG- 1800 

FIG. I -I 
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CGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCACTCC 

CAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAG 

CTGGGGTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACC 

GCTGGGCAATTGGTTCGGTTGTACCTGGATGAACTCAACTGGATTCACCAA 

AGTGTGCGGAGCGCCTCCTTGTGTCATCGGAGGGGCGGGCAACAACACCCT 

GCACTGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATA-2100 

CTCTCGGTGC GGCT CCGGTCCCTGGATCACACCCAGGTGCCTGGTCGACTA 

CCOGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAA 

AATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCAA 

CTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCT 

CAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTT 
CACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCA- 2 4 0 0 

GAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCGCGTC 
CTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGA 
CGCGC GCGT CTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGA 
GGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGAC 
GCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATGGTATTTGAA 
GGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTG- 2700 

GCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGA 

CAOGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGC 

GCTGACTCT GTCA CCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTG 

GCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCC 

CCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGC 

TGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGC-3 000 

CGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTA 

CTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGAT 

GATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTAC 

TGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAA 

CGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAAT 

GGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGG- 3300 

TGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACT 

GCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCC 

CATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCAC 

CAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGT 

GTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTG 

GACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAA-3 600 

GGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGCTG 

GCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTC 

GGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCG 

GGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAA 

AGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCAT 

ATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGA-3 900 

CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCAC 

GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCT 

CCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGC 

AGC TCAGG GCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACT 
GGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAG 
GACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTC-4 200 

FIG. I -2 
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CACCTACGGCAA6TTCCTTGCCGAC6GCGG6T6CTCGGGGG6CGCTTAT6A 

CATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGG 

CATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 

GCTCGCGACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACAT 

CGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGC 

TATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTG- 4500 

TCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGG6 

CATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGAC 

CAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 

CGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAGACAGT 

CGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCA 

GGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG-4 800 

GAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGCAT 

GTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTA 

TGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC 

CCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTT 

TACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAG 

TGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTG-5 10 0 

CGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTT 

GATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACT 

GGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 

CATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCT 

CGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTG 

CGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAAT-5 400 

CATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTG 

CTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 

CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT 

TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGC 

GAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTC 

AACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTAC- 5700 

AGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACAT 

ATTGG GGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGC 

CTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG 

6AAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGC 

TCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCT 

GGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGT- 6000 

CGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGG 

GGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCA 

TGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 

TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCA 

GTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGA 

CATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTG-- 6300 

GCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTG 

CCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCG 

CTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAG 

GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCAT 

TAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACAC 

GTTCGCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAG-6600 

FIG. 1-3 
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6CA6GT6GG66ACTTCGACTAC6TGAC6G6TAT6ACTACTGACAATCTCAA 

ATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGT 

GCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGT 

ATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTACCTTG 

CGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTC 

CCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATC-69 00 

ACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCT 

CAAGGCAACTTGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGA 

GGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCAGGGTTGA 

GTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGA 

GGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCG 

GAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAA- 7200 

CCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTGTGGT 
CCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCG 
GAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGC 

CGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGG 

CGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGA 

CTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGA-7 500 

GCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGA 

GGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGAGAGG 

CGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGC 

ACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTC 

ACGCAGTGCTTGCCAAAGGCAGAAGAAAGTGACATTTGACAGACTGCAAGT 

TCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC—7 800 

GGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCT 

GACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGGAAAAGACGT 

CCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGA 

CCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAA 

CGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCT 

CATCGTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGC-8100 

TTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTA 

CGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTG 

GAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGA 

CTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATG 

TTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAG 

GCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTG— 8 400 

CGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTGGTAA 

CACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCT 

CCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGA 

AAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGC 

TATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGA 

CTTGGAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCA-8 700 

CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCC 

CCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTG 

GCTAGGCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATACT 

GATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGC 

CCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCT 
ACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT-9000 

FIG. 1-4 
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CCACA6TTACTCTCCA66TGAAATTAATA6GGT66CCGCATGCCTGA6AAA 
ACTTGGG6TACC6CCCTT6C6A6CTTGGAGACACCGG6CCC66A6C6TCC6 
C6CTA66CTTCTG6CCA6A66A66CA666CT6CCATAT6T6GCAA6TACCT 
CTTGAACT6GGCA6TAAGAACAAA6CTCAAAC 

FIG. I -5 
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Description 

Technical Field 

s The invention relates to in wfrocell systems for the replication of a virus; more specifically, it relates to cell lines 

in which an etiologic agent of non-A non-B hepatitis (NANBH), hepatitis C virus (HCV) will replicate. 
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<s VIROLOGY: A PRACTICAL APPROACH (Many, ed., 1 985, IRL Press, Ltd., Washington, D.C.) 

Background 

Non-A, Non-B hepatitis (NANBH) is a transmissible disease or family of diseases that are believed to be viral- 
50 induced, and that are distinguishable from other forms of viral-associated liver diseases, including that caused by the 
known hepatitis viruses, i.e., hepatitis A virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as well 
as the hepatitis induced by cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH was first identified in transfused 
individuals. Transmission from man to chimpanzee and serial passage in chimpanzees provided evidence that NANBH 
is due to a transmissible infectious agent or agents. A viral agent, HCV, has been identified as an etiologic agent of 
SS NANBH. 

The demand for sensitive, specific methods for screening and identifying carriers of NANBV and NANBV contam- 
inated blood or blood products is significant. Post-transfusion hepatitis (PTH) occurs in approximately 1 0% of transfused 
patients, and NANBH accounts for up to 90% of these cases. The major problem in this disease is the frequent pro- 
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grass ion to chronic liver damage (25-55%). 

Patient care as well as the prevention of transmission of N ANBH by blood and blood products or by close personal 
contact require reliable diagnostic and prognostic tools to detect nucleic acids, antigens and antibodies related to 
NANBV. In addition, there is also a need for effective vaccines and immunotherapeutic therapeutic agents for the 
5 prevention and/or treatment of the disease. EP-A-31 8 216 provides a family of cDNA sequences derived from Hepatitis 
C virus. 

Tissue culture cells infected with an etiologic agent which causes NANBH would provide a source of viral polypep- 
tides which could be used for immunoassays and/or for vaccines. In addition, they could be useful in drug screening 
programs in the development of antiviral agents for treating the disease. 

io Immortalized human or non-human primate cell lines which are derived from liver, and are purportedly infected 
with an etiologic agent causitive of NANBH have been reported in WQ/87/05930, filed 1 April 1987, and published 8 
October 1987. These cell lines are reportedly non-lymphocytic in nature. In addition, it has not been established that 
the agent which replicates in these cells is causitive of the disease. 

It has also been reported that a preparation of mononuclear leukocytes, which purportedly were mainly lym- 

*s phocytes, isolated from a patient with NANBH, caused NANB when infused into a susceptible chimpanzee. Hellings 
et al. (1 985). However, proof of NANBH infection was indirect, in that it rested primarily on morphological and histological 
changes in the purportedly infected chimpanzee. Moreover, only one of the two chimpanzees receiving the blood cells 
was purportedly infected. 

20 Disclosure of the Invention 

The present invention is directed to cells that may be used to propagate HCV in culture. The present invention is 
also directed to viral antigens produced by such cultures, and use such antigens, for example, in diagnostics. 

Accordingly, one aspect of the invention is a cell line infected with HCV, wherein the cells in the cell line are B 
25 lymphocytes or T lymphocytes and are capable of replicating HCV. 

Another aspect of the invention is a method of preparing a composition for the detection of an anti-HCV antibody 
which comprises: purifying or partially purifying HCV virus particles or polypeptides from a cell line of the invention; 
and fixing said particles or polypeptides to a solid phase. 

The composition prepared by the invention may be used in an immunoassay for detecting antibodies directed 
30 against an HCV antigen comprising: 

(a) incubating a sample suspected of containing anti-HCV antibodies with an HCV antigen produced by an in vitro 
cell line, under conditions which allow the formation of an antibody-antigen complex; and 

(b) detecting the antibody-antigen complex containing the HCV antigen. 

35 

Another aspect of the invention is a method for screening for an agent which inhibits HCV replication comprising: 

(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV; 

to (c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the absence 
of (a) allow infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after the incubating in (d), wherein the cells in the cell line of (b) are 
B lymphocytes or T lymphocytes. 

45 

Still another application of the invention is a method for proliferating virus comprising growing in culture HCV 
infected cells. 

Brief Description of the Drawings 

so 

Figure 1 shows a composite sequence of the HCV cDNA sense strand derived from HCV strain HCV1. 
Figure 2 shows the nucleotide sequence of HCV cDNA clone 35, and the amino acids encoded therein. 

Modes for Carrying Out the Invention 

55 

I. Definitions 

The term "hepatitis C virus* has been reserved by workers in the field for an heretofore unknown etiologic agent 
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of NANBH. Accordingly, as used herein, 'hepatitis C virus' (HCV) refers to an agent causative of NANBH, which was 
formerly referred to as NANBV and/or BB-NANBV. The terms HCV, NANBV and BB-NANBV are used interchangeably 
herein. As an extension of this terminology, the disease caused by HCV, formerly called NANB hepatitis (NANBH), is 
called hepatitis C. The terms NANBH and hepatitis C may be used interchangeably herein. 

s The term 'HCV, as used herein, denotes a viral species of which pathogenic strains cause NANBH, and attenuated 

strains or defective interfering particles derived therefrom. The HCV genome is comprised of RNA. It is known that 
RNA containing viruses have relatively high rates of spontaneous mutation, i.e., reportedly on the order of 10" 3 to 10r* 
per incorporated nucleotide (Fields & Knipe (1 986)). Therefore, there can be multiple strains, which may be virulent or 
avirulent, within the HCV species. It is believed that HCV is a FlavMike virus. The morphology and composition of 

10 Flavivirus particles are known, and are discussed in Brinton (1 986). Generally, with respect to morphology, Flaviviruses 
contain a central nucleocapsid surrounded by a lipid bilayer. Virions are spherical and have a diameter of about 40-50 
nm. Their cores are about 25-30 nm in diameter. Along the outer surface of the virion envelope are projections that 
are about 5-10 nm long with terminal knobs about 2 nm in diameter. 

cDNAs to the genome of a strain of HCV, denoted HCV1 , are described in EP-A-388 232. See aJso EPO Publication 

is No. 0 318 216 and PCT App. No. US88/04125. A composite sequence of the HCV cDNA sense strand is shown in 
Figure 1 . Different strains or isolates of HCV are expected to contain variations at the amino acid and nucleic acids 
levels compared with HCV1 . Many isolates are expected to show much (i.e., more than about 40%) homology in the 
total amino acid sequence compared with HCV1. However, it may also be found that other less homologous HCV 
isolates would be defined as HCV strains according to various criteria such as an ORF encoding a poryprotein similar 

20 in size to that of HCV1 , an encoded polyp rot ein of similar hydrophobic and antigenic character to that of HCV1 , and 
the presence of co-linear peptide sequences that are conserved with HCV1 . 

HCV encodes at least one epitope which is immunologically identifiable with an epitope encoded in the HCV1 
genome. The epitope is unique to HCV when compared to other known Flaviviruses. The uniqueness of the epitope 
may be determined by its immunological reactivity with anti-HCV antibodies and lack of immunological reactivity with 

2S antibodies to other Flavivirus species. Methods for determining immunological reactivity are known in the art, for ex- 
ample, by radioimmunoassay, by EUSA assay, and by hemagglutination. Examples of suitable techniques for deter- 
mining immunological reactivity of HCV epitopes are described in EP-A-388 232, in Choo et al. (1989), and in Kuo et 
at. (1989). 

In addition to the above, the following parameters of nucleic acid homology and amino acid homology are appli- 

30 cable, either alone or in combination, in identifying a strain or isolate as HCV. Since HCV strains and isolates are 
evotutionarify related, it is expected that the overall homology of the genomes at the nucleotide level probably will be 
about 40% or greater, probably about 60% or greater, and even more probably about 80% or greater; and in addition 
that there will be corresponding contiguous sequences of at least about 1 3 nucleotides. The correspondence between 
the putative HCV strain genomic sequence and the HCV1 cONA sequence can be determined by techniques known 

35 in the art. For example, they can be determined by a direct comparison of the sequence information of the polynucleotide 
from the putative HCV, and the HCV cDNA sequence(s) described herein. For example, also, they can be determined 
by hybridization of the polynucleotides under conditions which form stable duplexes between homologous regions (for 
example, those which would be used prior to S 1 digestion), followed by digestion with single stranded specific nuclease 
(s), followed by size determination of the digested fragments. 

40 Because of the evolutionary relationship of the strains or isolates of HCV, putative HCV strains or isolates are 

identifiable by their homology at the polypeptide level. Generally, HCV strains or isolates are expected to be more than 
about 40% homologous, probably more than about 70% homologous, and even more probably more than about 80% 
homologous, and some may even be more than about 90% homologous at the polypeptide level. The techniques for 
determining amino acid sequence homology are known in the art. For example, the amino acid sequence may be 

4$ determined directly and compared to the sequences provided herein. Alternatively the nucleotide sequence of the 
genomic material of the putative HCV may be determined (usually via a cDNA intermediate), the amino acid sequence 
encoded therein can be determined, and the corresponding regions compared. 

As used herein, a polynucleotide "derived from" a designated polynucleotide sequence refers to a polynucleotide 
sequence which is comprised of a sequence of approximately at least about 6 nucleotides, preferably at least about 8 

so nucleotides, more preferably at least about 10-12 nucleotides, and even more preferably at least about 15-20 nucle- 
otides corresponding to a region of the designated nucleotide sequence. 'Corresponding - means homologous to or 
complementary to the designated sequence. Preferably, the sequence of the region from which the polynucleotide is 
derived is homologous to or complementary to a sequence which is unique to an HCV genome. Whether or not a 
sequence is unique to the HCV genome can be determined by techniques known to those of skill in the art. For example, 

ss the sequence can be compared to sequences in databanks, e.g., Genebank, to determine whether it is present in the 
uninfected host or other organisms. The sequence can also be compared to the known sequences of other viral agents, 
including those which are known to induce hepatitis, e.g. , H AV, H BV, and HDV, and to other members of the Flaviviridae. 
The correspondence or non-correspondence of the derived sequence to other sequences can also be determined by 
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hybridization under the appropriate stringency conditions. Hybridization techniques for determining the complementa- 
rity of nucleic acid sequences are known in the art, and are discussed infra. See also, for example, Maniatis et al. 
(1982). In addition, mismatches of duplex polynucleotides formed by hybridization can be determined by known tech- 
niques, including for example, digestion with a nuclease such as S1 that specifically digests single-stranded areas in 

5 duplex polynucleotides. Regions from which typical DNA sequences may be "derived" include but are not limited to, 
for example, regions encoding specific epitopes, as well as non-transcribed and/or non-translated regions. 

The derived polynucleotide is not necessarily physically derived from the nucleotide sequence shown, but may be 
generated in any manner, including for example, chemical synthesis or DNA replication or reverse transcription or 
transcription. In addition, combinations of regions corresponding to that of the designated sequence may be modified 

10 in ways known in the art to be consistent with an intended use. 

The term "polynucleotide" as used herein refers to a polymeric form of nucleotides of any length, either ribonucle- 
otides or deoxyribonucleotides. This term refers only to the primary structure of the molecule. Thus, this term includes 
double- and single-stranded ONA, as well as double- and single stranded RNA. It also includes modified, for example, 
methylation capping and/or by other modifications known in the art, including the substitution of an analog for one or 

is more of the naturally occurring nucleotide bases, as well as unmodified forms of the polynucleotide. 

The term 'purified viral polynucleotide" refers to a viral genome or fragment thereof which is essentially free, i.e., 
contains less than about 50%, preferably less than about 70%, and even more preferably less than about 90% of 
polypeptides with which the viral polynucleotide is naturally associated. Techniques for purifying viral polynucleotides 
from viral particles are known in the art, and include for example, disruption of the particle with a chaotropic agent, 

so differential extraction and separation of the polynucleotide(s) and polypeptides by ion-exchange chromatography, af- 
finity chromatography, and sedimentation according to density. 

An "open reading frame" (ORF) is a region of a polynucleotide sequence which encodes a polypeptide; this region 
may represent a portion of a coding sequence or a total coding sequence. 

A "coding sequence" is a polynucleotide sequence which is transcribed into mRN A and/or translated into a potypep- 

25 tide when placed under the control of appropriate regulatory sequences. The boundaries of the coding sequence are 
determined by a translation start codon at the 5' -terminus and a translation stop codon at the 3' -terminus. A coding 
sequence can include, but is not limited to mRNA, cDNA, and recombinant polynucleotide sequences. 

■Immunologically identifiable with/as" refers to the presence of epitope(s) and polypeptides^) which are also 
present in the designated polypeptide(s), usually HCV proteins. Immunological identity may be determined by antibody 

30 binding and/or competition in binding; these techniques are known to those of average skill in the art, and are also 
illustrated infra. 

As used herein, "epitope" refers to an antigenic determinant of a polypeptide; an epitope could comprise 3 or more 
amino acids in a spatial conformation which is unique to the epitope. Generally an epitope consists of at least 5 such 
amino acids, and more usually, consists of at least 8-10 such amino acids. Methods of determining the spatial confor- 
ms mation of amino acids are known in the art and include, for example, X-ray crystallography and 2-dimensional nuclear 
magnetic resonance. 

A polypeptide is "immunologically reactive" with an antibody when it binds to an antibody due to antibody recognition 
of a specific epitope contained within the polypeptide. Immunological reactivity may be determined by antibody binding, 
more particularly by the kinetics of antibody binding, anoYor by competition in binding using as competitors) a known 
40 polypeptide(s) containing an epitope against which the antibody is directed. The techniques for determining whether 
a polypeptide is immunologically reactive with an antibody are known in the art. 

As used herein, the term "immunogenic polypeptide" refers to a polypeptide that elicits a cellular and or humoral 
response, whether alone or when linked to a carrier in the presence or absence of an adjuvant. 

The term "polypeptide" refers to a polymer of amino acids and does not refer to a specific length of the product; 
45 thus, peptides, oligopeptides, and proteins are included within the definition of polypeptide. This term also does not 
refer to or exclude post-expression modifications of the polypeptide, for example, glycosylations, acetylattons, phos- 
phorylations and the like. 

An "individual", as used herein, refers to vertebrates, particularly members of the mammalian species, and includes 
but is not limited to domestic animals, sports animals, and primates, including humans. 
so As used herein, the "sense strand' or "plus strand" of a nucleic acid contains the sequence that has sequence 

homology to that of mRNA. The "antisense strand" or "minus strand" contains a sequence which is complementary to 
that of the "sense strand" or "plus strand". 

As used herein, a "positive stranded genome" of a virus is one in which the genome, whether RNA or DNA, is 
single-stranded and which encodes a viral polypeptide(s). Examples of positive stranded RNA viruses include Toga- 
55 viridae, Coronaviridae, Retroviridae, Picornaviridae, and Calicrviridae. Included also, are the Flavrviridae, which were 
formerly classified as Togaviradae. See Fields & Knipe (1986). 

As used herein, a "replicative intermediate" of an HCV genome refers to an RNA strand or fragment thereof, which 
is complementary to the viral genome, and which is synthesized during the course of viral replication; the replicative 
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intermediate functions as a template for the synthesis of positive RNA strands. 

As used herein, "purified HC V refers to a preparation of HCV which has been isolated from the cellular constituents 
with which the virus is normally associated, and from other types of viruses which may be present in the infected tissue. 
The techniques for isolating viruses are known to those of skill in the art, and include, for example, centrifugation and 

5 affinity chromatography; a method of preparing purified HCV is discussed infra. 

As used herein, a "biological sample" refers to a sample of tissue or fluid isolated from an individual, including but 
not limited to, for example, plasma, serum, spinal fluid, lymph fluid, the external sections of the skin, respiratory, intes- 
tinal, and genitourinary tracts, tears, saliva, milk, blood cells, tumors, organs, and also samples of in vitro cell culture 
constituents (including but not limited to conditioned medium resulting from the growth of cells in cell culture medium, 

10 putatively vi rally infected ceils, recombinant cells, and cell components). 

The term 'oligonucleotide*, as used herein, refers to primers, probes, oligomer fragments to be detected, oligomer 
controls and unlabeled blocking oligomers, and is defined as a molecule comprised of three or more deoxyribonucle- 
otides or ribonucleotides, typically contains more than four, typically a maximum of about 100 nucleotides. Its exact 
size will depend upon many factors, which in turn depend on the ultimate function or use of the oligonucleotide. 

is The term "primer 1 , as used herein, refers to an oligonucleotide which is capable of acting as a point of initiation of 
polynucleotide synthesis along a complementary strand when placed under conditions in which synthesis of a primer 
extension product which is complementary to a polynucleotide is catalyzed. Such conditions include the presence of 
four different nucleotide triphosphates or nucleoside analogs and an agent for polymerization such as ONA polymerase 
or reverse transcriptase, in an appropriate buffer ("buffer" includes substituents which are cof actors, or which affect 

zo pH, ionic strength, etc.). and at a suitable temperature. 

As used herein, the term "target region" refers to a region of the nucleic acid which is to be amplified and/or detected. 
As used herein, the term "probe" refers to a polynucleotide or oligonucleotide which forms a hybrid structure with 
a sequence in a target region, due to complementarity of at least one sequence in the probe with a sequence in the 
target region. Preferably the probe, however, does not contain a sequence complementary to sequence(s) used to 

2S prime the polymerase chain reaction. 

As used herein, the term thermostable nucleotide polymerase" refers to an enzyme which is relatively stable to 
heat when compared to nucleotide polymerases from £ coli and which catalyzes the polymerization of nucleotides. 
Generally, the enzyme will initiate synthesis at the 3'-end of the target sequence utilizing the primer, and will proceed 
in the S'-direction along the template until synthesis terminates. A representative thermostable enzyme isolated from 

30 Thermus aquaticus (Taq), and method for using it is described in Saiki et al. (1 988). 

As used herein, the term "viral RNA", which includes HCV RNA, refers to RNA from the viral genome, fragments 
thereof, transcripts thereof, and mutant sequences derived therefrom. 

As used herein, "cell line' refers to a propagated culture of cells after the first subculture, thus there are various 
embodiments including but not limited to individual cells, harvested cells, and cultures containing celts so long as these 

35 are are derived from cells of the cell line referred to. By "derived" is meant progeny or issue. It is further known in the 
art that spontaneous or induced changes can occur in karyotype during storage or transfer. Therefore, cells derived 
from the ceil line referred to may not be precisely identical to the ancestral cells or cultures, and the cell line referred 
to includes such variants. The term "cell lines" includes immortalized cells. Preferably, cell lines exclude cells which 
are derived by the hybridization of three cell types, for example, a trioma. 

40 As used herein, an *in vitro" cell system refers to cells which have replicated in vitro, thus the term includes primary 

cultures and cell lines. 

As used herein, the term "blood cell" refers to cells found either circulating in the blood, in tissue, or in bone marrow, 
and includes cells of the myelocytic series, the monocytic series, the megakaryocyte series, the erythrocytic series, 
the lymphocytic series, and the plasmocytic series. The morphology by which these celts can be distinguished is dis- 
45 cussed in THE MORPHOLOGY OF HUMAN BLOOD CELLS (1 985). 

As used herein, the term "peripheral blood cell" refers to a cell found circulating in the blood, and refers generally 
to eosinophils, neutrophils (both band and segmented), basophils, monocytes, thrombocytes, erythrocytes, lym- 
phocytes, and plasmocytes. 

As used herein, the term "leukocyte' refers to to a heterogeneous group of blood cell types which includes every- 
50 thing except erythrocytes and platelets. 

As used herein, the term "lymphocyte* refers to a spherical ceil, 6-1 2 urn in diameter, involved in immune responses, 
with a large, round, and deeply staining nucleus and very little cytoplasm. Lymphocytes include B lymphocytes and T 
lymphocytes. 

As used herein, "B lymphocytes" are vertebrate white blood cells which, when mature, are involved in the production 
55 of antibody. Mature virgin B lymphocytes (i.e., those that have not encountered antigen) are characterized by the 
presence of the following surface markers: monomeric IgM receptors for antigen, Fc receptors for IgG; and receptors 
for the activated form of C3b component of complement. 

Precursor B lymphocytes lack immunoglobulin products but may express other characteristic molecules that can 
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be identified by specific monoclonal antibodies. These ceils divide and undergo rapid transition to become large ryrn- 
phoblasts with cytoplasmic u heavy chains but no light chains. The pre-B cell phenotype (cytoplasmic u chain +, light 
chain *, surface Igr) can first be demonstrated in tymphoblasts actively engaged in ON A synthesis. Human pre-B cells 
express HLA-DR molecules on their surface and may also express receptors for the C3b complement fragment. How- 

s ever, they lack Fc recpetors for IgG and have very few C3d/EBV receptors. Precursor B lymphocytes can also be 
recognized by their capacity to bind peanut agglutinin. 

Mature B lymphocytes may be either activated or resting. Activated B cells express several types of molecules 
that are not detected on resting B cells. These marker molecules are known by those of skill in the art, and include, 
for example, interleukin-2 (IL-2) receptors, and transferrin receptors (the latter are expressed by all kinds of dividing 

10 cells). Activation of B cells provokes loss of membrane IgD, and both FCy and C3b receptors are diminished on external 
membranes, whereas those for C3d/Epstein Barr Virus (EB)V are not significantly affected. 

After antigen or mitogen stimulation, B lymphocytes may proceed along either of 2 branches of a differentiation 
pathway. They can differentiate into plasma celts, or they can divide and then return to a resting state as memory B 
cells. Memory B celts have had a loss of IgD during activation; this molecule is not resynthesized by cells entering the 

T5 memory cell pool. 

"Plasma cells" are terminally differentiated B lymphocytes. These cells are of ovoid shape, with an eccentric spoke- 
wheel nucleus, and intensely basophilic cytoplasm. When stained with ftuorochrome-labeled antibodies to immunoglob- 
ulin determinants, fixed plasma cells display intense fluorescence throught their cytoplasm. Membrane-bound immu- 
noglobulin and DR molecules are scant, and receptors for Fey C3b, C3d, or EBV are generally undetectable. 

20 a "plasmablast" is both morphologically and functionally between the activated lymphocyte (also called B lym- 

phoblast) and plasma cell stages. The cells are large, with a greater nucleancytoplasmic ratio than plasma celts. Mem- 
brane-bound immunoglobulins and Fc^ receptors are present. 

As used herein, a 'T lymphocyte" is a thymus-derived cell which may participate in a variety of cell-mediated 
immune responses. There are a variety of types of T lymphocytes, which are distinguishable by their function, and by 

& their cell surface markers. Methods for distinguishing the classes of T lymphocytes, which include those of the T "helper" 
and T "suppressor* types are known in the art. For example, monoclonal antibodies can be used to detect celt surface 
antigens, including the CD (duster of differentiation) antigens. The T cell types marked by the CD antigens, and mon- 
oclonal antibodies which detect the specific antigens are shown in Table 1 . 
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As used herein, "large granular lymphocyte' (LGL), also called natural killer (NK) cells, are another type of lym- 
phocyte. These cells comprise a discrete population of large lymphocytes that can be distinguished morphologic fea- 
tures, for example, by characteristic azurophilic granules in their cytoplasm. In addition, LGL can be identified by meth- 
ods which utilize specific monoclonal antibodies. Several monoclonal antibodies are available that detect either Fc 
receptors (Leu 11) or specific differentiation antigens (Leu 7, HNK-1, NKH-1, NKH-2) present on these cells. Some 
LGL cells also express antigens from the CD2 T cell family. Methods for functional testing are also known in the art, 
and are based on the ability of these nonimmune ceils to kilt special target cells, for example, erythrofeukemia cell line 
K562. Methods of measuring cytotoxocity are known in the art, and include, for example the 51 Cr release assay. 

As used herein, 'monocytes* denotes large agranulocytic leukocyte blood cells which are phagocytic. In humans, 
these cells are approximately 10-12 u/n in diameter, with oval nuclei. Monocytes which are in tissue are known as 
macrophages. Monocytes/macrophages may be identified by their morphology. They are larger than granulocytes and 
most lymphocytes. They have round or kidney-shaped nuclei with fine, lightly stained granules. They may be detected 
by staining for their nonspecftc esterase, or alpha-nahtho! esterase. Monoclonal antibodies directed at specific differ- 
entiation antigens are also available, and include, for example, Leu M3, and OKT M1 . The term "monocytes' includes 
monoblasts and promonocytes. The cells of the mononuclear phagocyte system, and their localization, are shown in 
Table 2; methods for distinguishing the ceil types are discussed in BASIC & CLINICAL IMMUNOLOGY, 6th edition. 



Table 2 



Cells of the Mononuclear Phagocyte System* 


Cells 


Localization 


Stem cells (committed) 


Bone marrow 


Monoblasts 


Bone marrow 


Promonocytes 


Bone marrow 


Monocytes 


Bone marrow 


Macrophages 


Tissues 


Normal state, free 


Histocytes 


Connective tissues 


Alveolar macrophages 


Lung 


Pleural and peritoneal macrophages 


Serous cavities 


Normal state, fixed 


Kupffer cells 


Liver 


Osteoclasts 


Bone 


Microglial cells 


Nervous System 


Synovial type A cells 


Joints 


Fixed tissue macrophages 


Spleen, lymph nodes, bonemarrow, and other tissues 


Inflammation 


Exudate macrophages 


Any tissue 


Activated macrophages 


Any tissue 


Elicited macrophages 


Any tissue 


Epitheloid cells 


Any tissue 


Multinucleated giant cells (Langerhans types and foreign 


Any tissue 


body type) 





20 



25 



30 



35 



40 



45 



50 



55 



* Adapted from Van Furth R (editor): Mononuclear Phagocytes: Functional Aspects , Martin us Nijhoff, 1380. 

As used herein, the term 'granulocyte" refers to a polymorphonuclear leukocyte which contains many cytoplasmic 
granules and a multilobed nucleus. Granulocytes include neutrophils, eosinophils, and neutrophils. Neutrophils are 
amoeboid in shape, and phagocytic, and stain with both basic and acidic dyes. Eosinophils and basophils contain 
cytoplasmic granules which stain with acid dyes and with basic dyes, respectively 

"Bone marrow cells' include both primary bone marrow tissue and bone marrow cell lines from mammals, such 
as primates and humans. Methods of culturing primary bone marrow cells in vitro are known, as well as bone marrow 
cell lines such as IM-9, KG-1 and KG-Ia. See, e.g., ATCC CATALOG, supra, at 361 . Primary bone marrow cells may 
include, in addition to leukocytes and lymphocytes described elsewhere herein, progenitor cells such as pleuripotent 
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stem cells. See, e.g., Civin U.S. Pat. No. 4,714,680. 
II. Description of the Invention 

s The invention described herein allows the replication of HCV in cell lines wherein the cells are B lymphocytes and 

T lymphocytes. In a method of the invention, peripheral blood cells which are infected with replicating virions are de- 
tected. Preferably, the detection is accomplished by identifying replicattve intermediates of the viral genome in prepa- 
rations containing HCV infected cells. Alternatively, the virions may be detected using immunoassays to detect a pop- 
ulation of HCV infected cells. Cell lines wherein the ceils are B lymphocytes and T lymphocytes infected with HCV are 

10 prepared; these cell lines are usually derived from blood cells or their precursors, more usually are derived from mono- 
nuclear cells or their precursors. The preparation of the infected cell line may be accomplished by a variety of methods, 
including the following. One option is to cultivate susceptible cells with concentrated culture fluids harvested from short 
term primary cultures of cells which are replicating the virus. Another option is to directly infect susceptible cells with 
isolated HCV particles. Still another option is to grow susceptible cells in contact with HCV inf ected cells. The suscep- 

i s tible cells may be from an established cell line, or may be primary cultures. Alternatively, infected cells from an individual 
with HCV may be fused with established cells from a cell line to produce a permanent cell line. Still alternatively, HCV 
infected blood ceils isolated from an individual may be immortalized. Virions produced by the HCV infected cell lines 
are useful in immunoassays for the detection of anti-HC V antibodies, and as a substrate for the production of vaccines 
for treatment of HCV. 

20 The practice of the present invention will employ, unless otherwise indicated, conventional techniques of molecular 

biology, microbiology, hematology, cell and organ culture, recombinant DNA, and immunology, which are within the 
skill of the art. Such techniques are explained fully in the literature. See, e.g., ATCC CATALOG OF CELL LINES & 
HYBRIDOMAS, 6th edition, 1 988 (American Type Culture Collection, Rockville, Md.); BASIC & CUNICAL IMMUNOL- 
OGY, 6th edition (Stites, Stobo, and Wells, eds., Appleton and Lange, Norwalk Conn/Los Altos, Ca, 1987); Boggs and 

2S Wtnkelstein, WHITE CELL MANUAL, edition 4 (FA. Davis Co., Phila., 1983); Diggs, Sturm, and Bell (1985), THE 
MORPHOLOGY OF HUMAN BLOOD CELLS (Abbott Laboratories, Abbott Park, II.); Freshney (1987). CULTURE OF 
ANIMAL CELLS: A MANUAL OF BASIC TECHNIQUE (Alan R. Liss, Inc., N.Y.); Maniatis. Frtsch & Sambrook. MO- 
LECULAR CLONING; A LABORATORY MANUAL (1982); DNA CLONING, VOLUMES I AND II (D.N Glover ed. 1985); 
LYMPHOKINES AND INTEFERONS: A PRACTICAL APPROACH (Clemens, Morris, and Gearing, eds., 1987); LYM- 

30 PHOCYTES: A PRACTICAL APPROACH (Klaus, ed.. 1987); VIROLOGY: A PRACTICAL APPROACH (Many, ed., 
1985); OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S. 
J. Higgins eds. 1984); IMMOBILIZED CELLS AND ENZYMES (IRL Press. 1986); B. PerbaJ. A PRACTICAL GUIDE 
TO MOLECULAR CLONING (1 984); the series. METHODS IN ENZYMOLOGY (Academic Press, Inc.); GENE TRANS- 
FER VECTORS FOR MAMMALIAN CELLS (J.H. Miller and M.P. Catos eds. 1987, Cold Spring Harbor Laboratory), 

35 Methods in Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, eds., respectively), Mayer and Walker, 
eds. (1987), IMMUNOCHEMICAL METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press, London), 
Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition (Springer-Verlag, N.Y), 
and HANDBOOK OF EXPERIMENTAL IMMUNOLOGY, VOLUMES l-IV (D.M. Weir and C. C. Blackwell eds 1986). 

40 I LA. Detection and Isolation of HCV Infected Cells from an Individual 

HCV infected cells in biological samples are screened for the presence of HCV polypeptides or HCV polynucle- 
otides. Usually the biological samples are blood samples, from which the cells infected with HCV and/or replicating 
HCV are isolated and partially purified utilizing techniques known in the art, for example, by sedimentation through 

45 Ficoll-Paque (Pharmacia Corp.) solutions. 

The screening technique used to detect viral material must be sufficiently sensitive to detect very limited amounts. 
For example, the presence of virions may be detected by immunoassay, using antibodies directed against a virion 
polypeptide(s). A suitable antibody is described in EP-A-388 232. Methods for immunoassays, as well as methods for 
signal enhancement are known in the art 

so The HCV genomic material, and replicative intermediates thereof, may also be detected by nucleic acid hybridi- 
zation. Usually the system will involve amplification techniques in the hybridization assay Such techniques are known 
in the art. For example, the Enzo Biochemical Corporation "Bio-Bridge* system uses terminal deoxynucleotide trans- 
ferase to add unmodified 3'-poly-dT-tails to a DNA probe. The poly dT-taiied probe is hybridized to the target nucleotide 
sequence, and then to a biotin-modified poly-A. PCT application 84/03520 and EP-A-1 24221 describe a DNA hybrid- 

55 ization assay in which: (1 ) analyte is annealed to a single-stranded DNA probe that is complementary to an enzyme- 
labeled oligonucleotide; and (2) the resulting tailed duplex is hybridized to an enzyme-labeled oligonucleotide. EP-A- 
204510 describes a DNA hybridization assay in which analyte DNA is contacted with a probe that has a tail, such as 
a poly-dT tail, an amplifier strand that has a sequence that hybridizes to the tail of the probe, such as a poly-A sequence, 
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and which is capable of binding a plurality of labeled strands. A particularly desirable technique may first involve am- 
plification of the target HCV sequences in sera until the amplified sequences are at a detectable level. This may be 
accomplished, for example, by the polymerase chain reactions (PCR) technique described by Saiki et al. (1986), by 
Mullis, U.S. Patent No. 4,683, 1 95, and by Mullis et al. U.S. Patent No. 4,683,202. The amplified sequence(s) may then 

s be detected using a hybridization assay. Hybridization assays, which should detect sequences at the level of ICftml, 
utilize nucleic acid multtmers which bind to single-stranded analyte nucleic acid, and which also bind to a multiplicity 
of single-stranded labeled oligonucleotides. A suitable solution phase sandwich assay which may be used with labeled 
polynucleotide probes, and the methods for the preparation of probes is described in EP-A-225 807. 

A preferred method for detecting HCV genomic sequences is described in the Examples. The method utilizes 

10 primers and probes based upon a family of cDNA replicas of portions of the HCV genome; a composite sequence of 
the cDNA plus strand derived from this family of cONAs is shown in Figure 1 . The first step in the method is the synthesis 
of a cDNA to either the HCV genome or its replicative intermediate, using reverse transcriptase. If replicative interme- 
diates are to be detected, the primer is complementary to only the negative strand of HCV RNA (i.e. the strand which 
is the replicative intermediate). After synthesis of the HCV cDNA, and prior to amplification, the RNA in the sample is 

is degraded by techniques known in the art, for example, by alkali denaturatton, or by treatment with an RNA specific 
RNase. 

It is anticipated that variant strains of HCV will be present in the infected celts of various individuals. Therefore the 
detection methods should be directed to constant epitopes or genomic sequences of HCV. 

Utilizing the HCV/cPCR method to screen fractions of blood cells separated on Ficoll-Paque, replicative intemne- 
20 diates of the HCV genome were detected in a partially purified composition of cells derived from peripheral blood (See 
infra in the Examples). This composition is comprised of lymphocytes, monocytesAnacrophages, platelets, and small 
amounts of other white blood cell types. The sedimentation through Ficoll-Paque fractionates these cells, which band 
to the interface, from erythrocytes and granulocytes, which are of greater density. 

Further identification of the infected cell types may be accomplished by utilizing techniques known in the art, for 
25 example by immunoassays which are directed to distinguish between the various types of blood cells. Monoclonal 
antibodies which are directed to surface epitopes on various lymphocytes, and monocytes/ macrophages are known 
in the art Thus, HCV infected cells may be isolated and identified by immunologic binding to specific cell surface 
antigens. 

& II.B. Preparation of In vitro Infected Cell Systems 

A variety of methods may be used to prepare B lymphocyte or T lymphocyte cell lines, infected with HCV. Candidate 
cells for infection and propagation in vitro can be from any of the above-mentioned cell types, such as lymphocytes or 
bone marrow cells. The discovery that replicative intermediates of the HCV genome are present in leukocytes in the 

as peripheral blood of infected humans is indicative of the cell type which may support viral replication in vitro, i.e., in at 
least one of the cell types in the population of leukocytes which band at the interface of a leukocyte suspension sedi- 
mented through Ficoll-Paque, i.e., mononucleocytes. (This procedure generally removes normal erythrocytes and gran- 
ulocytes from peripheral blood samples). Further fractionation procedures may be used to separate the different types 
of mononucleocytes to determine the presence of HCV replicative intermediates and/or HCV antigens associated with 

40 these cell types. Procedures for separating different types of monocytes, e.g., various types of lymphocytes, and mac- 
rophages, are known in the art. See, e.g.. LYMPHOCYTES: A PRACTICAL APPROACH (Klaus, ed.). These procedures 
may use monoclonal antibodies directed towards specific cell types; the monoclonal antibodies may be affixed to solid 
substrates, e.g., plates with wells, or magnetic beads. Alternatively, sorting techniques, which rely upon cell sorter 
instruments may be used. The selection may be either positive or negative to enrich and/or select the desired cells in 

45 the population of mononucleocytes. Based upon fractionation studies which isolated lymphocytes and macrophages 
from the monocyte population, it is suggested that a preferred cell type for replication may be lymphocytes and/or 
macrophages/monocytes. 

Since replication of HCV occurs within mononucleocytes in vivo, it is expected that infected cell lines may be 
derived from known established cell lines of these types, many of which are available from the American Type Culture 

so Collection, and which may include, for example, B cell lines (e.g. , EBV transformed B cell derived lines such as B95-8, 
DAKIKI, LTR228, Mo-B, SC-1, WIL2-NS; B cell lines such as Ia2, BL-3. UC 729-6, Namalwa, U-937, Ramos (RA-1), 
BCLt clone SB^, MC/CAR, IA2, YB2/0. CA3-F4, SHM-D33, CW1 3.20-3B3, BC9-E%. WM-115, WM 266-4, WEHI-231, 
WEHI-279. NFS-1.0 C-1); monocyte lines (e.g., THP-1, WEHI-274.1), mouse lymphoma lines (e.g., 2pk-3), pro-B tym- 
phoblasts (e.g., NFS-70 C-10), pre-B lymphoblasts (e.g., NFS-25 C-3), T-cell derived lines (e.g., CTLL-2, HuT 102, 

« D10.G4.1, LBRM-33 clone 4A2, HuT78, CI.Ly1 + 2"/9, UCO-MLA-144, 6T-CEM 20, 6T-CEM, CCRF-CEM, H9/HTLV-IIIB, 
CCRF-SB; CCRF-HSB-2, CEM-CM3, Mo, MOLT-3, MOLT-4, BW5147.3. BW5147.G.1.4, C1498, RAW8.1, CTLL-2, 
and BW5147.G.1.4.0UA R .1). Additional human leukemic cell lines of interest include K562 and ARH-77. Conditions 
for the in wfroculture of these cells is described in ATCC CATALOG OF CELL LINES AND HYBRIDOMAS, 6th Edition, 
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1988. 

Still another type of cell system in which HCV may be replicated is in immortal cell lines derived from primary 
cultures of mononucleocytes. Methods to obtain immortalized cell lines of types of mononucleocytes are known in the 
art. For example, methods for growing and immortalizing B cells and T cells in culture are described in LYMPHOCYTES: 

5 A PRACTICAL APPROACH (Klaus, ed.); LYMPHOKINES AND INTERFERONS (Clemens, Morris, and Gearing, eds), 
and Freshney (1987). For example, B-cell lines are often immortalized by infection with Epstein-Barr virus (EBV). This 
may be accomplished by incubating mononucleocytes from infected cells with the supernatant from an EBV infected 
ceil line which is a chronic shedder of EBV for example, ATCC CRL 1612 cells (B95-8). 

The growth of B cells and T cells in culture often requires the presence of stimulatory protein factors (also called 

io cytokines) in the culture medium; these factors are usually produced by a cell of another type. A supply of the cytokines 
may be provided in conditioned medium, i.e., cell culture supernatant from cells which produce the desired factors; or 
it may also be provided by feeder cells. The requirement may also be met by the provision of the purified cytokines. 
Cytokines include, for example, the following. Interieukin 1 -alpha and beta (also called lymphocyte activating factor, 
epidermal cell derived thymocyte activating factor, and haemopoietin H1 ); these fymphokines are derived from multiple 

f5 cell types, including monocytes, lymphocytes, and keratinocytes. Interieukin 1 -alpha and beta have multiple actions, 
including stimulating interieukin 2 production and haematopoietic activity. Interieukin 2 (also called T-cell growth factor), 
derived from T-lymphocytes, and which stimulates T and B ceil proliferation and differentiation, macrophage activation, 
and natural killer cell activation. Interieukin 3 (also called Multi-CSF), which is derived from T-lymphocytes, and which 
has a pluripotent effect on growth and differentiation, and which stimulates mast cell growth. Interieukin 4 (also called 

20 B-cell growth factor I), which is derived from T-lymphocytes, and which stimulates T and B cell proliferation and differ- 
entiation. Interieukin 5 (also called B-cell growth factor II), which is derived from T-lymphocytes, and which stimulates 
eosinophil differentiation (and which, in the mouse system, acts as a B-cell growth factor). Low molecular weight B- 
cell growth factor, which is derived from T-lymphocytes, and which stimulates B-cell proliferation. B-cell stimulatory 
factor 2 (also called interferon beta-2), which is derived from T-lymphocytes, and which stimulates B cell differentiation. . 

2$ Interferon-? (also called immune interferon), which is produced by T-lymphocytes, and which activates macrophages. 

Infection of a susceptible cell line with HCV may be accomplished by any one of several techniques which are 
used in the art to infect cells with virus, particularly with an RNA virus, and more particularly with a Flavivirus. Generally 
virus particles adsorb to cultured cells at physiological temperatures. The virus penetrates, uncoats, replicates its nu- 
cleic acid in the nucleus or cytoplasm, and after transcription and translation assembles progeny virions which egress 

30 either by cell lysis or budding. The number of progeny virus particles released from one ceil is referred to as the burst 
size. Virus is titrated by adsorbing serial tenfold dilutions to cells and counting the resultant plaques after appropriate 
incubation at the permissive temperature. 

Viral infection of susceptible celts may be accomplished by cocultivation of the susceptible cells and HCV infected 
cells. The HCV infected cells may be from a primary culture. Usually the HCV infected cells and the primary cells are 

6 incubated together in approximately equal numbers in an appropriate cell culture medium. The medium may contain 
Polybrene, or a functionally similar substance, in an appropriate concentration. The incubation is of sufficient time and 
at the appropriate temperature to allow the newly replicated virus from the HCV infected cells to allow attachment and 
uptake by the susceptible cells. 

The infection of susceptible cells may also be accomplished using virus containing ceil-free supernatants of HCV 

40 infected cells. Generally the susceptible cells are pretreated with an appropriate concentration of Polybrene (or a func- 
tionally similar substance), and then exposed to concentrated culture fluids harvested from short-term primary cultures 
of HCV infected cells derived from infected individuals. 

Susceptible cells may also be infected with virus isolated from HCV containing biological samples. Suitable meth- 
ods for the isolation of viruses, particularly RNA containing viruses, and more particularly Togaviruses and Flaviviruses 

^5 are known in the art, for example, see VIROLOGY: A PRACTICAL APPROACH (Mahy, ed ). Also described therein 
are cells which may be suitable for infection, and growth conditions for these cells. 

Another method for preparing HCV infected cells in vitro may be by the fusion of HCV infected mononuclear cells 
with susceptible celts. Methods for fusing somatic cells are known in the art, as are methods for the selection of fused 
celts. For example, fusion may be catalyzed by the presence of virus, e.g., EBV, Sendai virus, and the like, or by the 

so presence of chemicals, e.g., polyethylene glycol, which induce fusion. The susceptible cell may carry a marker which 
prevents its growth in the selection media, e.g., the cells may be phenotypically negative for thymidine kinase. Selection 
is then in media which requires thymidine kinase, e.g., HAT medium. This method is particularly suitable if the HCV 
infected mononuclear cells isolated from the infected individual do not replicate in vitro. A suitable method for the 
preparation fused cells which may replicate HCV is that described in WO 87/05930, except that the tissue specific cell 

55 (reportedly a hepatocyte) which is used to form the trioma is replaced with an HCV infected mononucleccyte. 

Yet another method of preparing an HCV infected cell line is by immortalization of infected cells isolated from an 
HCV infected individual. Generally, mononuclear cells are isolated from peripheral blood. If desired, the mononuclear 
cell population may be further fractionated. The cells are then grown in primary culture. Immortalization may be ac- 
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complished by growing and passaging the cells through the cell crisis period, at which point the majority of cultured 
cells die; the resulting ceils are immortal. Alternative methods for producing immortal T-cells and B-cells are described 
supra. 

HCV replication in the HCV infected cell lines prepared as described supra may be detected by a variety of assays. 
5 For example, viral assays may depend upon the cytopathic or transforming characteristics of the virus. Cytopathic 
viruses may be assayed by their antimetabolic effects in microtitration plates or by the formation of characteristic 
plaques in monolayers of the appropriate susceptible host cell. A viral suspension is serially diluted and aded to mon- 
olayer culture plates. The number of plaques forming at the limiting dilution is taken as equivalent to the number of 
infectious particles in the supernatant medium, allowing the concentration of virus in the initial sample to be calculated. 
10 Characterization of the virus may be performed with specific antisera, measuring the cytopathic effect of the virus, by 
immunoassay, or by the cPCR/HCV assay for HCV RNA, described supra. 

Transforming viruses may be assayed by, for example, the selective growth of transformed clones in suspension, 
or by looking for transformation foci in monolayer cultures. 

In the event that the virus of interest is exhibits neither a detectable cytopathic nor a transforming effect, it may be 
is detected in the infected cell preparation or infected cell fysate by a number of techniques, including, for example, 
immunoassay using a labeled antibody(s) which is specific for the virus, immunoassay of polypeptides labeled during 
replication using anti-HCV antibodies, and the detection of viral nucleic acids, for example, an enriched population of 
negative strands complementary to viral positive strands, or of viral nucleic acids labelled during an in vitro viral syn- 
thesis period. 

20 

II. C. Immunoassays Using Antigens from HCV Infected Cells 

The antigens from HCV infected cells which react immunologically with serum containing HCV antibodies are 
useful in immunoassays to detect presence of HCV antibodies in biological samples. The HCV antigens can take the 

25 form of, inter alia, purified or partially purified virus particles or viral polypeptides, disrupted virus, or infected cells or 
cell fysate therefrom. The production of the various forms of viral antigen from tissue culture sources is well-known in 
the art. Design of the immunoassays is subject to a great deal of variation, and a variety of these are known in the art. 
For example, an immunoassay may use a combination of viral epitopes derived from the same or from different viral 
polypeptides. It may use, for example, one or more viral antigens isolated from the HCV infected cell or from isolated 

30 HCV. Alternatively, fixed cells directly from culture may be used if viral epitopes are expressed internally or externally, 
or alternatively, cellular ly sates may be used. It may also use, for example, whole disrupted virions. General methods 
for preparing disrupted virions are known in the art. 

Immunoassay protocols may vary. Protocols may be based, for example, upon competition, or direct reaction, or 
sandwich type assays. Protocols may also, for example, use solid supports, or may be by immunoprecipitation. Most 

35 assays involve the use of labeled antibody or polypeptide; the labels may be, for example, fluorescent, chemilumines- 
cent, radioactive, or dye molecules. Assays which amplify the signals from the probe are also known; examples of 
which are assays which utilize biotin and avtdin, and enzyme-labeled and mediated immunoassays, such as EUSA 
assays. 

A suitable immunoassay may utilize disrupted virons in an EUSA format. The enzyme-linked immunosorbent assay 
40 (ELISA) method depends upon conjugation of an enzyme to either an antigen or an antibody, and uses the bound 
enzyme activity as a quantitative label. To measure antibody, the known antigen is fixed to a solid phase, (e.g., a 
microplate or plastic cup), incubated with antiimmunoglobulin labeled with enzyme, and washed again. Enzymes 
suitable for labeling are known in the art and include, for example, horseradish peroxidase. Enzyme activity bound to 
the solid phase is measured by adding the specific substrate, and determining product formation or substrate utilization 
4£ colorimetrically. The enzyme activity bound is a direct function of the amount of antibody bound. 

To measure antigen, a known specific antibody is fixed to the solid phase, the test material containing antigen is 
added, after an incubation the solid phase is washed, and a second enzyme-labeled antibody is added. After washing, 
substrate is added, and enzyme activity is estimated colorimetrically, and related to antigen concentration. 

Thus, for example, to detect anti-HCV antibodies using an ELISA format, isolated HCV, solubilized, e.g., with 
so detergent, may be-used to coat appropriate microliter plates. After the viral antigens are bound, another protein is also 
used to coat the plates, to prevent nonspecific binding of antibodies. The biological sample to be tested for anti-HCV 
antibodies is added to the plates, and the formation of HCV antibody-HCV antigen complexes is detected. 

Another suitable immunoassay may utilize gel electrophoresis of HCV tysates, followed by Western blotting with 
the biological sample to be tested for anti-HCV antibodies. The formation of HCV antibody-HCV antigen complexes is 
ss detected using techniques known in the art. 

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by packaging 
the appropriate materials, including the antigens derived from the HCV infected cells in suitable containers, along with 
the remaining reagents and materials required for the conduct of the assay, as well as a suitable set of assay instruc- 
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tions. 



M. D. Use of Injectable Cells in Screening for Antiviral Agents 

5 The cells described herein which are capable of replicating HCV, may be used to screen for antiviral agents which 

inhibit HCV replication, and particularly for those agents which preferentially allow cell growth and multiplication while 
inhibiting viral replication. The screening methods which can be used are those which examine the inhibition of virus 
replication in the presence of the putative antiviral agent. Generally, the antiviral agents are tested at a variety of 
concentrations, for their effect on preventing viral replication in a cell culture system which supports viral replication, 

10 and then for an inhibition of infectivity or of viral pathogenicity (and a low level of toxicity) in an animal model system. 
Included within antiviral agents are antibodies which block viral infection (neutralizing antibodies). The ability of 
anti-HCV antibodies to prevent the infection of the cells in vitro can be determined using the assays described herein 
to determine whether viral replication is inhibited by the presence of the putative anti-HCV antibodies. For example 
also, virus produced in infected cells may also be used as a source of antigens to determine whether antibodies are 

1$ HCV specific. 

III. Examples 

IDA Detection of HCV RNA in Mononuclear Cells From Individuals with NANBH 



20 



The detection of HCV RNA in mononuclear cells from blood of individuals with chronic NANBH was accomplished 
using essentially the cPCR/HCV assay described below. 

Blood obtained from 5 individuals with chronic NANBH and which tested positive for anti-HCV antibodies using an 
HCV-C100 antigen immunoassay, and from 5 control individuals (reportedly free of NANBH, and which was negative 
2$ in the immunoassay) was examined for the presence of HCV RNA in the mononuclear fraction. A mononucleocyte 
fraction from the samples was obtained by sedimentation through Ficoll-Paque (Pharmacia), following the manufac- 
turer's directions. 

The cPCR/HCV assay used in these studies were performed utilizing the following methods for the preparation of 
RNA, the reverse transcription of the RNA into cDNA, the amplification of specific segments of the cDN A by PCR, and 
30 the analysis of the PCR products. 

Total RNA was isolated from the mononucleocyte fraction. The cDNA used as a template for the PCR reaction 
was prepared utilizing the designated samples for preparation of the corresponding cDNAs. Each RNA sample (cor- 
responding to cells in 10 microliters of blood) was incubated in a 25 microliter reaction containing 1 micromolar of each 
primer, 1 millimolar of each deoxyribonucleotide triphosphate (dNTP), 50 mitlimolar Tris-HCL. pH 8.3, 5 millimolar 
as MgCI 2 , 5 millimolar dithiothreitol (DTT), 73 millimolar KCI, 40 units of RNase inhibitor (RNASIN), and 5 units of AMV 
reverse transcriptase. The incubation was for 60 minutes at 37°C. Following cDNA synthesis, the reactions were diluted 
with 50 microliters of deionized water (DIW), boiled for 10 minutes, and cooled on ice. 

Amplification of a segment of the HCV cDNA was performed utilizing two synthetic 1 6-mer oligonucleotide primers 
whose sequences were derived from HCV cDNA clones 36 (anti-sense) and 37b (sense). The sequence of the primer 
40 from clone 36 was: 



45 



SO 



5 f GCA TGT CAT GAT GTA T 3» 



The sequence of the primer from clone 37b was: 



5' ACA ATA CGT GTG TCA C 3 1 



The primers were used at a final concentration of 1 micromolar each. In order to amplify the segment of HCV cDNA 
which is flanked by the primers, the cDNA samples were incubated with 0.1 microgram of RNAse A and the PCR 
reactants of the Perkin Elmer Cetus PCR kit (N801 -0043 or N801 -0055) according to the manufacturer's instructions, 
ss The PCR reaction was performed for either 30 cycles or 60 cycles in a Perkin Elmer Cetus DNA thermal cycler. Each 
cycle consisted of a 1 minute denaturatton step at 94°C, an annealing step of 2 minutes at 37°C, and an extension 
step of 3 minutes at 72°C. However, the extension step in the final cycle (30 or 60) was 7 minutes rather than 3 minutes. 
After amplification the samples were extracted with an equal volume of phenol: chloroform (1 :1 ), followed by extraction 
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with an equal volume of chloroform, and then the samples were precipitated with ethanol containing 0.2 M sodium 
acetate. 

The cPCR products were analyzed as follows: The products were subjected to electrophoresis on 1 .8% alkaline 
agarose gels according to Murakawa et al. (1988), and transferred onto Zeta Probe paper (BioRad Corp.) by blotting 

5 gels overnight in 0.4 M NaOH. The blots were neutralized in 2 X SSC (1 x SSC contains 0.15 M NaCI, 0.015 M sodium 
citrate), prehybridized in 0.3 M NaCI, 1 5 mM sodium phosphage buffer, pH 6.8, 1 5 mM EDTA, 1 .0% SDS, 0.5% nonfat 
milk (Carnation Co.), and 0.5 mg/ml sonicated denatured salmon sperm DNA. The blots to be analyzed for HCV cDNA 
fragments were hybridized to a ^P-labeled probe generated by nick translation of the HCV cDNA insert sequence in 
clone 35, shown in Figure 2. After hybridization, the blots were washed in 0.1 x SSC (1 X SSC contains 0.1 5M NaCI, 

10 0.01 M Na citrate) at 65'C, dried, and autoradiographed. The expected product size is 586 nucleotides in length; prod- 
ucts which hybridized with the probe and migrated in the gels in this size range were scored as positive for viral RNA. 

As a control, cPCR primers designed to amplify a1 -antitrypsin mRNA was performed to verify the presence of 
RNA in each sample analyzed. The coding region of the <x1 -antitrypsin gene is described in Rosenberg et at. (1984). 
Synthetic 16-mer oligonucleotide primers designed to amplify a 365 nucleotide fragment of the coding region of the 
a1 -antitrypsin gene were derived from nucleotides 22-37 (sense) and nucleotides 372-387 (anti-sense). The PCR 
products were detected using a ^P nick-translated probe which lies between, and not including, the cDNA/PCR primer 
sequences. 

Due to the extreme sensitivity of the PCR reaction, all samples were run a minimum of three times. All false positive 
signals were eliminated when the following precautions were taken: 1 ) eliminating aerosols by using screw capped 
20 tubes with rubber Oring seals; 2) pipetting with Ranin Microman positive displacement pipetters with disposable pis- 
tons/capillaries; and 3) selecting the oligonucleotide sequences for the cDNA and PCR primers from two non-contig- 
uous cONA clones. 

The results showed that mononucleocytes from 5 of 5 HCV anti-C1 00 antibody positive samples were positive for 
HCV RNA in the cPCR HCV assay. Alt of the controls were negative in the same assay. 

25 

III B. Detection of HCV RNA Minus Strands in Mononucleocytes from HCV Infected Individuals 

The detection of minus strands in peripheral blood mononucleocytes was accomplished using the cPCR/HCV 
assay essentially as described in Section III.A., except that the cDNA was synthesized using either the 16mer primer 
30 from clone 36 (i.e., primer 36/16A), described in Section III.A. to prime the plus strand of HCV RNA, or the complement 
of the 16-mer (i.e., primer 36/16B), to prime the negative strand. In order to carry out the subsequent PCR reaction, 
the cDNA reaction mixture was boiled and treated with RNase prior to the addition of the second primer. 

The results of the cPCR/HCV assay showed that 5 of the HCV anti-C100 antibody samples were positive for HCV 
negative strands; of these five samples, two showed high levels of HCV RNA negative strands. All 5 of these samples 
35 were about equally positive for the plus strands of HCV RNA. Of the five control samples, all were negative for both 
plus and minus strands of HCV RNA. 

As an additional control, plasma samples from three of the HCV positive individuals were also analyzed. The signal 
obtained from the positive strands were at least 5 to 10 times stronger than was the signal for the negative strands. 
Thus, the plasma samples were strongly positive for the plus strands, and only weakly positive to negative for the 
^0 minus strands. 

In HCV, which is FlavMike, the viral genome is positive stranded RNA. The discovery of the great enrichment of 
negative strands of HCV RNA in monocytes relative to that in plasma, suggests that replicatrve intermediates of the 
viral genome are present in these cells. 

4* IV. Commercial Utility 

HCV infected cell systems, which are infected and/or replicated in vitro, including HCV infected cell lines, serve 
as a source of viral antigens which are useful in the detection of HCV antibodies, and hence in the diagnosis and the 
screening of biological materials (including blood) for HCV. These antigens also may have use in the preparation of 
so vaccines for the treatment (prophylactic anoVor therapeutic) of viral infections. 

In addition, these cell systems are useful in the screening of anti-viral agents directed at preventing HCV replication, 
including antibodies which can neutralize infection or mediate antibody-dependent cellular cytotoxicity (ADCC). 

While the invention has been described above by way of illustration, the present invention is not limited thereto 
and its scope is to be defined by the appended claims and the equivalents thereof. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 
5 (j) APPLICANT: 

(A) NAME: Chiron Corporation 

(B) STREET: 4560 Horton Street 

(C) CITY: Emeryville 
10 (D) STATE: California 

(E) COUNTRY: USA 

(F) POSTAL CODE (ZIP): 94608 

(ii) TITLE OF INVENTION: Methods for Culturing HCV in Eukaryotic Cells 
is (iii) NUMBER OF SEQUENCES: 5 

(v) CURRENT APPUCATION DATA: 

APPLICATION NUMBER: EP 90309120.5 

(2) INFORMATION FOR SEQ ID NO:1: 

20 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

25 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

30 

GCAIGTCATC A1CTAT 16 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 6 base pairs 

(B) TYPE: nucleic acid 

40 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

45 



ACAATAOGTC TCTCAC 16 



so (2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9185 base pairs 
ss (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(it) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hepatitis C virus 
5 (B) STRAIN: HCV1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

10 CACT0CAOCA TCAATCACIC QOCIGIGAGG AACTACICTC TTCAOGCAGA AAGOGTCTAG 60 

CCMX3GCGTT ACTATCACTC TOSIGCAGOC T0CAGGAO0C 000CTC00GG GAGAGCCAXA 120 

1S GIGCTCTGGG GAAOOGCTGA CTACAOCGGA ATIGCCAGGA OGAOOGGCTC CTTTCTIGGA 180 

TCAAOOOGCT CAAZDGOCTGG AGA3TTGGGC GIGOO0O0GC AAGACIGCEA GCOGACTACT 240 

CTIQGG7T0GC GAAAGGCCIT GIGGTACTGC CIGAIAGGCT GCTTGOGACT GOC00GGGAG 300 

20 

CTClUa TA GA OOGTTCCAOCA TCAGCAOGAA TCCTAAACCT CAAAAAAAAA ACAAAOCTAA 360 

CAOCAAOOGT OGOOCACAGG ACCTCAACTT OOOGGGIGGC GGTCAGATOG TIGCTGGAGT 420 

2s TTACrTCTTG OOGOGCAGGG GOOCTAGAIT GGCTGTOOGC GOGAOGftGAA AGACITCOGA 480 

GOGGTOGCAA CCTOGAGCTA GAOCTCAGCC TATCOCCAAG GCTOCTOQGC OOGAGGGCAG 540 

GAOCTOGGCT GAGCOOQQCT ACOCTTOGCC OCTCTATOGC AAIGftGGGCT GOGGGTOGGC 600 

30 

GGGA3GGCTC CTGrTCTOOOC GTOGCTCTOG GOCEAGCTGG GGOOOCACAG AOOOCOGGOG 660 
TAGCTOGOGC AA3TTGGGTA AGCTCATOGA TACCCTHAOG TGOQGdTOG COGACCTCAT 720 

35 
40 
45 
SO 

ss 
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GGQGTACAIA OOGCTOGTOG GOGOOOCTCT TOGAGGOGCT GOCAGGGCOC TGGOGCATOG 780 

OCT00GGG7TT CPGGAAGAOG GCCTGAACIA TGCAACAGGG AACCITOCTG CnTCCICITr 840 

CICTATCITC CITCTGGOCC TCCTCTCITC CTTCACIUTC CCCGCITOGG CTTACCAAGT 900 

GOGCAACTOC AOGGGGCTTT ACCAOGTCAC CAATGA1TGC CCTAACTOGA GTATICTCTA 960 

OGAGGOGGOC GATGOCATCC TCCACACTCC GGGGTCOGTC OCT1GOGTIC CTGAGGGCAA 1020 

OGCCTOGAGG TCITQGGTCG GGATGAOXC TAGQGTQGCC ACCAGGGATC GCAAACTCCC 1080 

OGOGAOGCAG CTTOGAOCTC ACATOGATCT GCITGTOGGG AGOGCCACOC TCTGTTOGGC 1140 

CCTCEAOCT3 GGGGACCEAT GOGGGTCICT CTITCTICTC GGOCAACTCT TCACCITCTC 1200 

TCOCAGGOGC CACTGGACGA OGCAAGGTIG CAATIGCICr ATCLATOOOG GOCAXATAAC 1260 

GGGTCAGOGC ATOGCATGGG ATATGATCAT GAACTGGTCC CCTAOGAOGG OGITGCTAAT 1320 

GGCICAGCTG CTOOGGATOC CACAAGCCAT CTIGGACATG ATOGCTGGTC CTCACTGGGG 1380 

AGTOCTCGOG GGCATAGOGT ATITCICCAT GGTOGGGAAC TOGGOGAAGG TCCTGGEACT 1440 

GCTGCTGCEA TTIGOOGGOG TOGAOGOGGA AACOCAOCTC AQOQGGGGAA GIGCOQGOCA 1500 

CACICTCTCr GGATTICTEA GCCTOCTOGC ACCAGGOGOC AAGCAGAAOG TCCAGCTGAT 1560 

CAACAOCAAC GGCAGTTGGC ACCTCAATAG CAOGGOOdG AACIGCAAIG AIAGCCTCAA 1620 

CAOOGGCTQG TTQGCAQQGC TTITCTATCA OCACAAGTIC AACIdTCAG GCICTOCTGA 1680 

35 GAOGCTAOOC AGCTQOOGAC O0CTEAO0GA TTTTGACCAG GGCTGGGGOC CTATCAGTEA 1740 

TGOCAAOGGA AGO0QO000G AOCAGOGCOC CTACIGCIGG CACIAOCCOC CAAAAOCHG 1800 

OGGEATICTG OOOGOGAAGA GTCICTGTOG TCOGCTATAT TCCTTCACIC (XAGO000GT 1860 

40 

GGTOGTDGGGA AOGAOOGACA GGTFOGGGOGC GCOCACXTAC AGCTGGQCTG AAAATGATAC 1920 

GGAOHCTIC GTOCITAACA ATAOCAGGOC AOOGCTCGGC AATTGGITOG GTTCTAOCTC 1980 

4$ GATCAACTCA ACTOGA3TCA OCAAACTGTC OGGAGOGCCT CCTICTCTCA TOGGAGGGGC 2040 

GGGCAACAAC AOOCTGCACT GCOCXACTGA TIGCTPOOGC AAGCATOOGG AOGOCACATA 2100 

CTCIOGCTGC GGCIXXEGTC OOXEATCAC AOOCAGGrDGC CTGGTOGACT ACOOCTAXAG 2160 

GCTTIGGCAT TATOCTTCTA OCATCAACTA CAOCATATTT AAAATCAGGA TCTEAOGTCGG 2220 



25 



30 



50 



55 
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AGGGCTOGAA CACAGGCIGG AAGCIGCCIG CAACIGGAOG CGGGGOGAAC GTIGOGATCT 2280 

GGAAGACAGG GACAGGIXXE AGCTCAGOOC CTTACIGCIG ACCACEACAC ACTGGCAGGT 2340 

5 

CCTCCOGTCT TOCTTCACAA CCCTACCAGC CTICTCCACC GGCCTCATCC ACCTCCAOCA 2400 

GAACATICTG GAOGTIGCACT ACTICTAOGG GGIGGGGTCA AGCATOGOGT CCIGGGOCAT 2460 

"> TAACTOGGAG TAOGTOCTTC TCCICTTOCT TCIGCTIGCA GAOGOGOGOG TCDGCICCIG 2520 

CTTGTOGATC ATGCTACTCA TATOOCAAGC GGAGGOGGCT TTGGAGAAOC TOGEAA3ACT 2580 

TAATCCAGCA T00CIGGCOG GGACGCAOGG TCTICTATOC TTCCT0G7ICT TCTICIGCIT 2640 

15 

TGCATGCTAT TIGAAGGGIA AGIGGGIGOC OGGAGOGGTC TACAOCITCT AOGGGATGTC 2700 

GCCTCTCCIC CTCCTOCICT TGGOGTIGOC OCAGOGGGOG TAOGOGCTQG ACACQGAGCT 2760 

20 GGCOGOGTOG TGTQGOGCTG T ll Tl l' l U;r OGGGTIGATG GOGCIGACIC TCTCACCATA 2820 

TTACAAGOGC TATATCAGCT GCTQC TO S I G GIGGCITCAG TATTITCTGA CCAGACTOGA 2880 

AGOGCAACIG CAOGrTOTOGA TKXXXXJOCT CAAOGTCOGA GGGGGGOGOG AOGOOGfTCAT 2940 

25 

cttactcatc iCTQcromc acxxxsactct GGEAITIGAC ATCACCAAAT TGCTGCTGGC 3000 

OGTCTTOGGA OOOCTITOGA TTCITCAAGC CAGITIGCIT AAACTAOOCT ACTTTCTGCG 3060 

30 OGTOCAAGGC CITCTOOGGTT TCIGOGOGIT AGOGOGGAAG ATCATOGGAG GOCATEACCT 3120 

GCAAATCCTC ATCATIAAGT TAGGGGOGCT TACTGGCAOC TATCTTTAIA AOCATCTCAC 3180 

^ 'JULUmUjC; GACTQQGOGC ACAAOQGCIT GOGAGATCIG GCCGTOGCIG TAGAGCCAGT 3240 

CXrTLTlClU: CAAA1GGAGA CCAAGCICAT CAOGIGGGGG GCAGATAOOG OOGOSIGOGG 3300 

TGACATCATC AAOGGCITCC CICTTTOOGC OOGCAGQQGC 03GGAGATAC TGCTOGGGOC 3360 

40 

AGCOGATCGA ATCGTCIXXA AGGGGIGGAG GTIGCIGGOG OOCATCAOGG CCTAOGCCCA 3420 

GCAGACAAGG GGCCTCCTAG GCTGCATAAT CACXAGOCTA ACTGGOOGGG ACAAAAACCA 3480 

45 AGIGGAGGGT GAGGTCCAGA TTOICTCAAC TGCIGCCCAA ACCITOCIGG CAAOGIGCAT 3540 

CAATQGGGIG TGCTCGACIG TCIACCAOGG GGOOGGAAOG AGGAOCATOG C3GTCACXXAA 3600 

GGGTOCTCTC ATOCAGATOT ATAOCAATOT AGAOCAAGAC CTICTGGGCT GGC00GCT0C 3660 

50 

GCAAGCTAGC CECTCATIGA CAOOCTGCAC TTGOQGCTCC TOGGAOdTT AOCIGGTCAC 3720 

55 
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GAGGCAOGCC GA3CTCATIC CXXSTIGOGOOG GOGGGCTGAT AGCAGGGGCA GOCTGCICTC 3780 

G0000GG00C ATTTCCTACr TGAAAGGCTC CTOGGGGGGT COGCICTICT QCCCCOCCCG 3840 

5 

GCACGOOCTG GGCATATTCA GQGOOGOGGT GIGCAOOOGT GGAGIQGCIA AGGOGCTGGA 3900 

CTTTATCCCT CTGGAGAAOC TAGAGACAAC CATGAGGTCC CCEGICTTCA OGGATAACTC 3960 

10 crcrocAOCA gtagigcooc agagctioca ggtogctcac ctocatcctc OCACAGGCAG 4020 

OQGCAAAAGC AGCAAGGTOC OGGCTGCATA TGCAGCTCAG GGCEATAAGG TGCTAGTACT 4080 

CAAOCOCICT GITGCIGCAA CACTGGGCIT TGGTCCITAC ATGTOCAAGG CTCATGGGAT 4140 

is 

OGATCCTAAC ATCAGGACOG GGGTCAGAAC AATEAC3CACT GGCAGCCCCA TCAOGflCACTC 4200 

CA0CEAO3GC AACTTOCITG COGAOGGOQG GTGCIOGGGG GGOGCTTAIG ACATAATAAT 4260 

20 TTCIGAOGAG TGCCACTCCA CGGATGCCAC ATCCATCITG GGCATOGGCA CICTCCITGA 4320 

CCAAGCAGAG ACIGOGGGGG CGAGACTGGT TCTGCTOGCC ACOGCCACCC CTOOGGGCTC 4380 

OTCACICTG OCXXATOCCA ACATOGAGGA GGITCCTCTG TOCAOCACOG GAGAGATCCC 4440 

2$ 

TTTTIAOGGC AAGGCEATCC OCCTOGAAGT AATCAAGGGG GGGAGACATC TCA3CTTCIG 4500 

TCATTCAAAG AAGAAGIGOG AOGAACTOGC OGCAAAGCIG GTOGCATIGG GCATCAATCC 4560 

30 OGTCGCXTAC TAOOGOQGTC TIGAOGTCIC OCHtMXXXG AlOCAGOGGOG ATCITGrPOGT 4620 

OCTGGCAAGC GMGOOCTCA TCACOQGCIA TAOOGGOGAC TTOGACTOGG TGATAGACIG 4680 

CAAIAOG7ICT CTCACOCAGA CAGTOGATIT CAGCCITGAC OCEAOCITCA CCA1TGAGAC 4740 

35 

AATCAOQCIC CCCCAGGATG CTGTCTCCGG CACTCAAOGT OGGQGCAGGA CIGGCAGGGG 4800 

GAAGOCAGGC ATCEACAGAT TTOTOGCAOC GGGQGAGQGC OCCTOOGGCA TG7IT0GACIC 4860 

40 GTOOCTCCTC TCTGAGTGCT ATCAOGCAGG CICTGCTTOG TATGAGCTCA OGOOOGOOGA 4920 

GACTACAGIT AGGCTAOCSAG OGTACATGAA CAC00OGGGG CTTOOOGflCT GOCAGGAOCA 4980 

45 TCITGAATIT TGGGAGGGOG TCITTACAGG OCTCACTCAT ATAGATGCCC ACTTTCEATC 5040 

CCAGACAAAG CAGACTGGGG AGAACCTTCC TTACCIGGTA GOGEAOCAAG CCAC0G7ICTG 5100 

OGCTAGGGCT CAAGOOOCIC OOOCATOGTC GGAOCAGATC TGGAAGTCTT TGATTOGCCT 5160 

so 

CAAGCOCAOC CTOCATCGGC CAACAOCXXT GCTAIACAGA CICGGOGCIG TTCAGAAIGA 5220 

55 
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AATCACOCTG AOGCACOCAG TCAOCAAAIA CATCATGACA TGCAICT03G COGAOCTGGA 5280 

GCTOGTCAOG AGCACCIGGG TCCTOGITGG OGGOCTCCIG GC1GC1T1GG COGOG7EATIG 5340 

5 

CCTCTCAAGA GGCTGCGIGG TCATAGTGGG CAGGGTOGTC TTCTOOQGGA AGCOGGCAAT 5400 

CATACCTCAC AGGGAACTCC TCTACOGAGA GTTOGATCAG ATGGAAGAGT GCTCTCAGCA 5460 

1° CmOCGTPC ATOGAGCAAG GGATGATGCT OGCOGAGCAG TTCAAGCAGA AGGCCCTOGG 5520 

CCTOCTGCAG AGCGCGPCOC GTCAGGCAGA GGITATOGCC OCTGCICTOC AGAOCAACTG 5580 

GCAAAAACIC GAGACCITCT GGGOGAAGCA TAICTGGAAC TTCATCAGTC GGATACAATA 5640 

is 

CTTOGOOGGC TICTCAAOGC TGOCIGGTAA OO00QOCMT GCTICATIGA TQGCinTAC 5700 

AGCIGCIGTC AOCAGCXXAC TAAOCACTAG CCAAAOOCIC CICITCAACA TATTGGGGGG 5760 

20 GTCGCTQGCT GCOCAGCTOG OOGOOOOOGG TGOOGCTACT GCCTTICTGG GOGCTGGCIT 5820 

AGCIGGOGOC GOCATOQGCA GICTTGGACT GGGGAAGCTC CTCAXAGACA TOCTIGCAGG 5880 

GEATQGOGOG QGOCTQGOQG GAGCICTTCT GGCATTCAAG ATCATCAGOG GTCAGCTOCC 5940 

CICCAOGGAG GAOCT9GTCA ATCTACTGCC OGCCATOCTC T0GO0OGGAG OOCTQCTAGT 6000 

CGGOGTOGTC TOIGCAGCAA TACTGOGOOG GCAOGTIX3GC OOGGGOGAGG GGGCACTGCA 6060 

50 GTGGATCAAC OGGCTGATAG OCTTOGOCTC COGGGGGAAC CMCTTICCC CCAOGCACTA 6120 

CCTGCCGGAG AGOGATGCAG CIGCOOGOGT CACIGOCATA CTCAGCAGOC TCACIGTAAC 6180 

x CCAGCIXXTC AGGOGACIGC ACCAGTGGAT AAGCTOGGAG TCTAOCACTC CAIGCTCOGG 6240 

TTCCTQGCTA AGGGACATCT GGGACIGGAT ATCOGAGGTC TIGAGOGACT TTAAGAOCIG 6300 

GCTAAAAGCT AAGCTCATCC CACftoCTGCC TGGGATCOOC TTTGIUTOCT GOCAGOGOGG 6360 

40 GTAIAAGGGG GICTGGOGAG TGGAOGGCAT CATCCACACT CX3CIGCCACT GTCGAGCIGA 6420 

GATCACTCGA CA3CTCAAAA AOQQGAOGAT GAGGATOGIC GGTOCTAGGA CCIGCAGGAA 6480 

4s CAICTQGAGT GGGAOCITOC OCATTAAIGC CTACAOCAOG QGOCOCICTA CXXXXXTICC 6540 

TGOGOOGAAC TACAOGTTOG OGCTATCGAG GGTCTCIGCA GAGGAATATC TOGAGATAAG 6600 

GCAQGrTOGGG GACTTOCACT AOGTCAOGGG TATGACTACT GAGAATCICA AATCCCOGTC 6660 

so 

OCAGGICOCA TOGOOOGAAT TITTCACAGA ATTGGAOGGG GTCOGOCTAC ATAGGITTGC 6720 

ss 
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GCCOOOCTGC AAGCCCITCC TGOGGGAGGA GCTATCATTC AGAGTAGGAC TCCAOGAAIA 6780 

CCOQGTAGGG TOGCAASTAC CITCOGAGCC OGAAOOGGAC GT3GOOCTCT TCAOCTOCAT 6840 

5 

GCTCACTGAT OCTCOCATA TAACAGCAGA GGOGGOOQGG OGAAGGTTOG OGAGGQGATC 6900 

ACCCOCCICT (JK3GCCAGCT OCTOQGCEAG OCAGCTATCC GCroCATCrC TCAAGGCAAC 6960 

" TIGCAOOGCT MCCATGACT COCCIGATGC TCAGCTCATA GAGGCCAACC TCCEATCGAG 7020 

GCAGGAGATC GGOGGCAACA TCACCAGGGT TGAGTCAGAA AACAAACTGG TCATTCTGGA 7080 

CTCCITOGAT COGCITCIGG CGGAGGAGGA OGAGOGGGAG ATCTCOCTAC COGCAGAAAT 7140 

T5 

CCIGOGGAAG TCTOGGftGAT TOGCCCAGGC CCTCCCOCTT TGGGOGOGGC OQGACIATAA 7200 

CCCCCOGCTA CTGGAGAOGfT GGAAAAAGCC OGACTAOGAA CCACCICTGG TOCATGGCIG 7260 

20 TOOGcnocA cttocaaact ooocrocror goctoogcct oggaagaagc ggaogctgct 7320 

CCTCACTGAA TCAAOXTAT CTACICCCIT GGCOGAGCIC GCCACCAGAA GCTETCGCAG 7380 

CTOTCAACT TOOGGCATTA OGGGOGACAA TAOGACAACA TOCICTGAGC CCGCCOCITC 7440 

25 

TGGCTGO00C 000GACT00G AOGCTGAGTC CTATTCCICC ATOOCOCOCC TGGAGGGGGA 7500 

GCCTCGGGAT OOGGATCTEA GOGAOGGGTPC ATGGTCAAOG G7IXSGTAGIG AGGOCAAOGC 7560 

30 GGAGGAIGTC CTCTGCTCCT CAATCTCTTA CICTIQGACA GGOGCACKG TCAOCOOGTG 7620 

OGCOGOGGAA GAACAGAAAC TGOCCATCAA TGCACEAAGC . AAClUJi'lUC TAOGTCAOCA 7680 

x CAATTTOGTC TA3TOCAOCA CXTCAOGCAG TGCITCCCAA AGGCAGAAGA AACTCACATT 7740 

TGACAGACTG CAAGTCTCTGG ACAGOCAITA CCAGGAOGTA CTCAAGGAGG TTAAAGCAGC 7800 

GGOCTCAAAA GTGAAGGCIA ACTIGCEATC OGTAGAGGAA GCTIGCAGOC TGAOGCCCOC 7860 

40 ACACTCAGOC AAATOCAACT TTCGTEATGG GGCAAAAGAC CTOCETITGOC ATCCCAGAAA 7920 

GGCOCTAAOC (»CA2CAACr COGICTGGAA AGACCTTCK GAAGACAATC TAACACCAAT 7980 

45 AGACACEAOC ATCATOGCEA AGAAOGAGGT TTTCTCOGflT CAGCCTGAGA AGGGGGGTOG 8040 

TAAGOCAGCT OGTCTGATOG TCITOOCGGA TCTOGGOGIG CGOGTCIGOG AAAAGATGGC 8100 

TTTGTAOGAC GTGGTEACAA AGCTCCCCTT GGCOGTGATG GGAAGCTOCT AOGGATTOCA 8160 

so 

AIACTCAOCA GGACAGOGGG ITGAATItXT OGTCCAAGOG TGGAAGTOCA AGAAAAOOCC 8220 

55 
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10 



is 



20 



25 



30 



AATCGGGTTC TOGIATGATA CCCGCSGCTT TGACTCCACA GTCACIGAGA GOGACATOOG 
TACGGAGGAG GCAATCTAOC AATCTTCIGA CCTOGACCCC CAAGCCCGOG TCGOCATCAA 
GTOOCTCAOC GAGAGGCTIT ATCTIGGGGG CCCICTTACC AATTCAAGGG GGGAGAACIG 
OGGCEATOGC AGCTGCOGOG OGAGOGGCCT ACIGACAACT AGCICT3CTA ACACCCTCAC 



TTGCTACATC AAGGO 



3 CAGCCTCTOG AGCOGCAGGG CTOCAGGACT GCACCATGCT 



OGTCICTQGC GAOGACITAG TOGTTATCIG TGAAAGOGOG GGGGTCCAGG AGGAOGGGGC 
GAGCCIGAGA GCCTTCAOQG AGGCTATCAC CAGGTACTOC GCOOOCJOCIG GGGACCCCCC 
ACAAOCAGAA TAOGACITGG AGCTCATAAC ATCATGCTCC TCCAAOGTCT CACTOGOCXA 
OGAOGGOGCT GGAAAGAGGG TCIACTAOCT CACCOGTCAC OCEACAACCC OCCTOGOGAG 
AGCTGOCTGG GAGACAGCAA GACACACTOC AGTCAATTCC TGGCEAGGCA ACATAATCAT 
GTITGOCOCC ACACICTQQG OGAGGATGAT ACTGATGACC CATTICnTA GOCTOCTTAT 
AGCCAGGGAC CAGCITCAAC AGGCCCTOGA TTGOGAGATC TAOGGGGOCT GCEACTOCAT 
AGAAOCACIT GATCTAOCIC CAATCATTCA AAGACTCCAT GGOCTCAGOG CATTTTCACT 
CCACAGTTAC TCTCCAGGIG AAATTAATAG GGTGGCOGCA TGOCTCAGAA AACITCGGGT 



AOOGCOCTIG OGAGCITGGA GACAOOGGGC 



GAGOGTC OGOGCIAGGC TTCTGGCCAG 



35 



AGGAGGCAGG GCTGCCATAT GIGGCAACTA OCTCITCAAC TCGGCAGIAA GAACAAAGCT 
CAAAC 



8280 
8340 
8400 
8460 
8520 
8580 
8640 
8700 
8760 
8820 
8880 
8940 
9000 
9060 
9120 
9180 
9185 



40 



45 



SO 



55 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 480 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Hepatitis C Virus 

(B) STRAIN: HCV1 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: DNA 35 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..480 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



10 



15 



20 



TCC AIT GAG ACA ATC AOS CTC CCC GAG GAT GCT GTC TCC OGC ACT CAA 48 

Ser He Glu Thr He Thr Leu Pro Gin Asp Ala Val Ser Arg Thr Gin 

15 10 15 

OCT CGG GGC AGG ACT GGC AGG GGG AAG OCA GGC ATC TAG AGA TIT GIG 96 

Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro Gly He Tyr Arg Hie Val 

20 25 30 

GCA O0G GGG GAG OGC 00C TOC GGC ATC TIC GAC TOG TOC G7IC CTC TGT 144 
Ala Pro Gly Glu Arg Pro Ser Gly Met Fhe Asp Ser Ser Val Leu Cys 
35 40 45 

GAG TCC TAT GAC GCA GGC TCT GCT TOG TAT GAG CTC AOG CCC GOC GAG 192 

Glu Cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro Ala Glu 

50 55 60 

ACT ACA GIT AGG CTA OGA GOG TAG ATC AAC ACC COG GGG CTT OOC GIG 240 

Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr Pro Gly Leu Pro Val 

65 70 75 80 

2S TCC CAG GAC CAT CTT GAA TTT TOG GAG GGC GTC TTT ACA GGC CTC ACT 288 

cys Gin Asp His Leu Glu Hie Trp Glu Gly Val Fhe Thr Gly Leu Thr 

85 90 95 

CAT ATA GAT GOC CAC TTT CTA TCC CAG ACA AAG CAG ACT GGG GAG AAC 336 
30 His He Asp Ala His Fhe Leu Ser Gin Thr Lys Gin Ser Gly Glu Asn 

100 105 110 

CTT OCT TAG CIG CTA GOG TAC CAA GOC AOC GTC TCC GCT AGG GCT CAA 384 
Leu Pro Tyr Leu Val Ala Tyr Gin Ala Thr Val Cys Ala Arg Ala Gin 
as 115 120 125 

GOC OCT OOC OCA TOG TOG GAC CAG ATC TOG AAG TOT TTC ATT OGC CTC 432 
Ala Pro Pro Pro Ser Trp Asp Gin Met Trp lys Cys Leu He Arg Lai 
130 135 140 



40 



45 



AAG OOC AOC CTC CAT GGG OCA ACA CCC CTC CTA TAC AGA CTC GGC GCT 480 
lys Pro Thr Leu His Gly Pro Thr Pro Leu Leu Tyr Arg Leu Gly Ala 
145 150 155 160 



(2) INFORMATION FOR SEQ ID NO:5: 
(i) SEQUENCE CHARACTERISTICS: 

so 

(A) LENGTH: 160 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

ss (jj) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



24 



EP 0 414 475 B1 



Ser lie Glu Thr lie Thr Leu Pro Gin Asp Ala Val Ser Artj Thr Gin 
15 10 15 

Arg Arg Gly Arg Ihr Gly Arg Gly Lys Pro Gly lie Tyr Arg Fhe Val 

20 25 30 

Ala Pro Gly Glu Arg Pro Ser Gly Met Fhe Asp Ser Ser Val Leu Cys 
35 40 45 

Glu Cys Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Leu Thr Pro Ala Glu 
50 55 60 

Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr Pro Gly Leu Pro Val 

65 70 75 80 

cys Gin Asp His Leu Glu Fhe Trp Glu Gly Val Fhe Thr Gly Leu Thr 

85 90 95 

His lie Asp Ala His fhe Leu Ser Gin Thr Lys Gin Ser Gly Glu Asn 

100 105 110 

Leu Pro Tyr Leu Val Ala Tyr Gin Ala Thr Val Cys Ala Arg Ala Gin 
115 120 125 

Ala Pro Pro Pro Ser Trp Asp Gin Met Trp Lys Cys Leu He Arg Leu 
130 135 140 

Lys Pro Thr Leu His Gly Pro Thr Pro Lai Lai Tyr Arg Leu Gly Ala 
145 150 155 160 



Claims 



Claim© for the following Contracting States : AT, BE, CH, U, DE, DK, FR, QB, IT, LU, NL, SE 

1 . A cell line infected with hepatitis C virus (HCV), wherein the cells in the celt line are B lymphocytes or T lymphocytes 
and are capable of replicating HCV 

2. The cell line of claim 1 wherein the cells in the cell line are B lymphocytes. 

3. The cell line of claim 1 wherein the cells in the cell line are T lymphocytes. 

4. The cell line of claim 3, wherein the cells are derived by infection of a cell from the cell line MOLT-4. 

5. A method of preparing a composition for the detection of an anti-HCV antibody which comprises: purifying or 
partially purifying HCV virus particles or polypeptides from a cell line according to any one of claim 1 to 4; and 
fixing said particles or polypeptides to a solid phase. 

6. A method according to claim 5 wherein HCV particles are solubiltzed with a detergent. 

7. A method according to claim 5 or 6 wherein the composition for the detection of anti-HCV antibodies is packaged 
in a suitable container to provide a test kit. 

8. A method for screening for an agent which inhibits HCV replication comprising: 
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(a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a ceil line capable ol replicating HCV; 

(c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the cell line of (b) under conditions which would, in the 
5 absence of (a) allow infection of and replication of HCV in the cell line; and 

(e) detecting an inhibition of viral replication after the incubating in (d), wherein the cells in the cell line of (b) 
are B lymphocytes or T lymphocytes. 

io Claims for the following Contracting States : ES, GR 

1. A method of preparing a composition for the detection of an anti-HCV antibody which comprises: purifying or 
partially purifying HCV virus particles or polypeptides from a cell line infected with hepatitis C virus (HCV). wherein 
the cells in the cell line are B lymphocytes or T lymphocytes and are capable of replicating HCV, and fixing said 

7* particles or polypeptides to a solid phase. 

2. The method of claim 1 wherein the cells in the cell line are B lymphocytes. 

3. The method of claim 1 wherein the cells in the cell line are T lymphocytes. 

20 

4. The method of claim 3, wherein the cells are derived by infection of a cell from the cell line MOLM. 

5. A method according to any one of claims 1 to 4 wherein HCV particles are solubifized with a detergent. 

25 6. A method according to any one of claims 1 to 5 wherein the composition for the detection of anti-HCV antibodies 
is packaged in a suitable container to provide a test kit 

7. A method for screening for an agent which inhibits HCV replication comprising: 

30 (a) providing a composition comprised of a putative anti-viral agent; 

(b) providing a cell line capable of replicating HCV, 

(c) providing a composition comprised of infective HCV; 

(d) incubating the compositions of (a) and (c) with the celt line of (b) under conditions which would* in the 
absence of (a) allow infection of and replication of HCV in the cell line; and 

35 (e) detecting an inhibition of viral replication after the incubating in (d), wherein the cells in the cell line of (b) 

are B lymphocytes or T lymphocytes. 

8. A cell line infected with hepatitis C virus (HCV). wherein the cells in the cell line are B lymphocytes or T lymphocytes 
and are capable of replicating HCV. 

40 

9. The cell line of claim 8 wherein the cells in the cell line are B lymphocytes. 

10. The cell line of claim 8 wherein the cells in the cell line are T lymphocytes. 

45 11. The cell line of claim 10, wherein the ceils are derived by infection of a cell from the cell line MOLM. 

Paten tanspruche 



so 



ss 



PatentanapruchefQr folgende Vertragsstaaten : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, NL, SE 

1 . Zellinie, infiziert mit Hepatitis C-vlrus (HCV), dadurch gekennzelchnet, da8 die Zellen der Zellinie B-Lymphozyten 
Oder T-Lymphozyten sind und in der Lage sind, HCV zu replizieren. 

2. Zellinie nach Anspruch 1, dadurch gekennzelchnet, daft die Zellen in der Zellinie B-Lymphozyten sind. 

3. Zellinie nach Anspruch 1 , dadurch gekennzelchnet, daft die Zellen in der Zellinie T-Lymphozyten sind. 
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4. Zellinie nach Anspruch 3, dadurch gekennzeichnet, daB die Zellen durch Infektion einer Zelie von der Zellinie 
MOLT-4 abgeleitet sind. 

5. Verfahren zur Herstellung einer Zusammensetzung zum Nachweis eines Anti-HCV-Antikorpers, umfassend: Rei- 
nigen cxler teilweises Reinigen von HCV-Viruspartikeln Oder Potypeptiden aus eine Zellinie nach einem der An- 
spruche 1 bis 4; und Fixieren der Partikel Oder Polypeptide an eine teste Phase. 

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, daB die HCV-Partikel in einem Detergens solubilisiert war- 
den. 

7. Verfahren nach Anspruch 5 Oder 6, dadurch gekennzeichnet, daB die Zusammensetzung zum Nachweis von 
Anti-HCV-Antikorpern in einem geeigneten Behalter verpackt ist, urn einen Testkit berertzustellen. 

8. Verfahren zum Durchmustem eines Agens, welches die HCV-Replikation inhibiert, umfassend: 

(a) Bereitstellung einer Zusammensetzung, umfassend ein mbgliches antivirales Agens; 

(b) Bereitstellung einer Zellinie, die in der Lags ist, HCV zu replizieren; 

(c) Bereitstellung einer Zusammensetzung, welche inf ektidses HCV umfaBt; 

(d) Inkubation der Zusammensetzungen (a) und (c) mit der Zellinie (b) unter Bedingungen, die in Abwesenheit 
von (a) die Infektion der Zellinie und die Replikation von HCV in der Zellinie ermoglichen wOrden; und 

(e) Nachweis einer Inhibition der viralen Replikation nach Inkubation in (d), wobei die Zellen in der Zellinie (b) 
B-Lymphozyten Oder T-Lymphozyten sind. 



Patentanspruchefur folgende Vertrageetaaten : ES, OR 

1. Verfahren zur Herstellung einer Zusammensetzung zum Nachweis eines Anti-HCV-Antikorpers. umfassend: Rei- 
nigen Oder teilweises Reinigen von HCV-Viruspartikeln Oder Potypeptiden aus einer Zellinie, die mit Hepatitis C- 
Virus (HCV) infiziert ist, dadurch gekennzeichnet, daB die Zellen in der Zellinie B-Lymphozyten oder T-Lympho- 
zyten sind und in der Lage sind, HCV zu replizieren; und Fixieren der Partikel Oder Polypeptide an einer festen 
Phase. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Zellen in der Zellinie B-Lymphozyten sind. 

3. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Zellen in der Zellinie T-Lymphozyten sind. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die Zellen durch Infektion einer Zelle aus der Zellinie 
MOLT-4 abgeleitet sind. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB die HCV-Partikel mit einem Detergens 
solubilisiert werden. 

6. Verfahren nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die Zusammensetzung zum Nach- 
weis von Anti-HCV-Antikdrpem in einem geeigneten Behaltnis verpackt ist, urn einen Testkit bereitzustellen. 

7. Verfahren zum Durchmustem eines Agens, welches die HCV-Replikation inhibiert, umfassend: 

(a) Bereitstellung einer Zusammensetzung, umfassend ein mogliches antivirales Agens; 

(b) Bereitstellung einer Zellinie, die in der Lage ist, HCVzu replizieren; 

(c) Bereitstellung einer Zusammensetzung, welche infektidses HCV umfaBt; 

(d) Inkubation der Zusammensetzungen (a) und (c) mit der Zellinie (b) unter Bedingungen, die in Abwesenheit 
von (a) die Infektion der Zellinie und die Replikation von HCV in der Zellinie ermoglichen wflrden; und 

(e) Nachweis einer Inhibition der viralen Replikation nach Inkubation in (d) t wobei die Zellen in der Zellinie (b) 
B-Lymphozyten oder T-Lymphozyten sind. 

8. Zellinie, infiziert mit Hepatitis C-Virus (HCV), dadurch gekennzeichnet, daB die Zellen in der Zellinie B-Lympho- 
zyten oder T-Lymphozyten sind und in der Lage sind, HCV zu replizieren. 
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9. Zetlinie nach Anspruch 8, dadurch gekennzelchnet, daG die Zellen in der Zellinie B-Lymphozyten sind. 

10. Zetlinie nach Anspruch 8, dadurch gekennzelchnet, daG die Zellen in der Zellinie T-Lymphozyten sind. 

11. Zellinie nach Anspruch 10, dadurch gekennzelchnet, daft die Zellen durch Infektion einer Zelle aus der Zellinie 
MOLT-4 abgeleitet sind. 



Revendleatlone 

w 



Revendleatlone pour lee Etate contractante eulvante : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, NL, SE 

1. Lignee cellulaire infectee avec le virus de Chepatite C (HCV), dans laquelle las cellules dans la lignee cellulaire 
*5 sont des lymphocytes B ou des lymphocytes T et sont capables de repliquer HCV 

2. Lignee cellulaire de la revendication 1 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes B. 

3. Lignee cellulaire de la revendication 1 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes T. 

20 

4. Lignee cellulaire de la revendication 3 dans laquelle les cellules sont derivees par infection d'une cellule provenant 
de la lignee cellulaire MOLT-4. 

5. M6thode de preparation d'une composition pour la detection d*un anticorps anti-HCV qui comprend les etapes 
25 consistant : a purifier ou a purifier de facon partielle des particules de virus HCV ou des polypeptides provenant 

d'une lignee cellulaire selon rune quelconque des revendteations 1 a 4; et a fixer lesdites particules ou lesdits 
polypeptides sur une phase sofide. 

6. Methode selon la revendication 5 dans laquelle les particules d'HCV sont solubilisees avec un detergent. 

30 

7. Methode selon la revendication 5 ou 6 dans laquelle la composition pour la detection cfanticorps anti-HCV est 
conditionnee dans un recipient approprie pour foumir un kit de test. 

8. Methode pour cribler un agent qui inhibe la replication d'HCV comprenant les etapes consistant : 

35 

(a) a foumir une composition comprenant un agent anti-viral putatif ; 

(b) a foumir une lignee cellulaire capable de repliquer HCV ; 

(c) a foumir une composition comprenant du HCV infectieux ; 

(d) a faire incuber les compositions de (a) et (c) avec la lignee cellulaire de (b) dans des conditions qui, en 
40 Tabsence de (a), permettratent infection et la replication de HCV dans la lignee cellulaire ; et 

(e) a detecter une inhibition de la replication virale apres I'incubation dans (d), dans laquelle les cellules dans 
la lignee cellulaire de (b) sont des lymphocytes B ou des lymphocytes T. 



45 Revendleatlone pour lee Etate contractante eulvante : ES, OR 

1. Methode de preparation d'une composition pour la detection cfun anticorps anti-HCV qui comprend les etapes 
consistant : a purifier ou a purifier de facon partielle des particules de virus HCV ou des polypeptides provenant 
d'une lignde cellulaire infectee avec le virus de ('hepatite C (HCV), dans laquelle les cellules dans la lignee cellulaire 

50 sont des lymphocytes B ou des lymphocytes T et sont capables de replication d'HCV; et a fixer lesdites particules 
ou polypeptides sur une phase solide. 

2. Mdthode de la revendication 1 dans laquelle les cellules dans la Iign6e cellulaire sont des lymphocytes B. 

55 3. Methode de la revendication 1 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes T. 

4. Methode de la revendication 3, dans laquelle les cellules sont deriv6es par infection d'une cellule provenant de la 
lignee cellulaire MOLT-4. 
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5. Methode selon I'une quelconque des revendications 1 a 4 dans laquelle les particules d'HCV sont solubilisees 
avec un detergent. 

6. Methode selon t'une quelconque des revendications 1 a 5 dans laquelle la composition pour la detection cfanticorps 
5 anti-HCV est conditionnee dans un recipient approprie pour toumir un kit de test. 

7. Methode pour I'age d*un agent qui inhibe la replication d'HCV comprenant les etapes consistant : 

(a) a foumir une composition contenant un agent anti-viral putatrf; 
10 (b) a foumir une lignee cellulaire capable de replication HCV; 

(c) a foumir une composition comprenant HCV infectieux; 

(d) a incuber les compositions de (a) et (c) avec ta lignee cellulaire (b) dans des conditions qui permettraient, 
en I'absence de (a) de permettre I'infection de et la replication de HCV dans la lignee cellulaire; et 

(e) a detector une inhibition de la replication virale apres I'incubation dans (d), dans laquelle les cellules dans 
15 la lignee cellulaire (b) sont des lymphocytes B ou des lymphocytes T. 

8. Lignee cellulaire tnfectee avec le virus de fhepatite C (HCV), dans laquelle les cellules dans ta lignee cellulaire 
sont des lymphocytes B ou des lymphocytes T et sont capables de replication d'HCV 

20 a Lignee cellulaire de ta revendication 8 dans laquelle les cellules dans ta lignee cellulaire sont des lymphocytes B. 

10. Lignee cellulaire de la revendication 8 dans laquelle les cellules dans la lignee cellulaire sont des lymphocytes I 

11 . Lignee cellulaire de la revendication 1 0 dans laquelle les cellules sont derivees par infection d*une cellule provenant 
2S de la lignee cellulaire MOLT-4. 
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SEQUENCE OF THE HCV cDNA SENSE STRAND 

(AS DEDUCED FROM OVERLAPPING CLONES bll4a/18g/ 

ag30a/CA205a/CA290a/CA216a/pil4a/CA167b/CA156e/ 

CA84a/CA59a/K9-l/26j/13i/12f/14i/llb/7f/7e/8h/ 

33c/40b/37b/35/36/81/32/33b/25c/14c/8f/33f/33g/ 
39c/35f/19g/26g/15e/b5a/16jh) 



CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAGAA 
AGCGTCTAGCCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCC 
CCTCCCGGGAGAGCCATAGTGGTCTGCGGAACCGGTGAGTACACCGGAATT 
GCCAGGACGACCGGGTCCTTTCTTGGATCAACCCGCTCAATGCCTGGAGAT 
TTGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGTGTTGGGTCGCGAAAG 
GCCTTGTGGTACTGCCTGATAGGGTGCTTGCGAGTGCCCCGGGAG-3 0 0 

(Putative initiator methionine codon) 



GTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAAAAAAAA 

CAAACGTAACACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGG 

TCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGGGGCCCTAGATTGGG 

TGTGCGCGCGACGAGAAAGACTTCCGAGCGGTCGCAACCTCGAGGTAGACG 

TCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCC 

CGGGTACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGGC-600 

GGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGA 

CCCCCGGCGTAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTG 

CGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGG 

AGGCGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGACGGCGT 

GAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCT 

GGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGT-900 

GCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAG 

TATTGTGTACGAGGCGGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCC 

TTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTGGCGATGACCCCTAC 

GGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCAGCTTCGACGTCACAT 

CGATCTGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGA 

CCTATGCGGGTCTGTCTTTCTTGTCGGCCAACTGTTCACCTTCTC- 1200 

TCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGG 

CCATATAACGGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCC 

TACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATCCCACAAGCCATCTT 

GGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGTATTT 

CTCCATGGTGGGGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTTGC 

CGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGTGCCGGCCA-1500 

CACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGT 

CCAGCTGATCAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAA 

CTGCAATGATAGCCTCAACACCGGCTGGTTGGCAGGGCTTTTCTATCACCA 

CAAGT TCAAC TCTTCAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCT 

TACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGG 

CCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTG-1800 
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CGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCACTCC 

CAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAG 

CTGGGGTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACC 

GCTGGGCAATTGGTTCGGTTGTACCTGGATGAACTCAACTGGATTCACCAA 

AGTGTGCGGAGCGCCTCCTTGTGTCATCGGAGGGGCGGGCAACAACACCCT 

GCACTGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATA-2100 

CTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCGACTA 

CCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAA 

AATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCAA 

CTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCT 

CAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTT 

CACAACCCTACCAGCCTTGTCCACCGGCCrCATCCACCTCCACCA-2 400 

GAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCGCGTC 

CTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGA 

CGCGC GCGT CTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGA 

GGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGAC 

GCACGGTCTTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATGGTATTTGAA 

GGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTG-2 700 

GCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGA 

CACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGC 

GCTGACTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTG 

GCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCC 

CCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGC 

TGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGC-3 000 

CGTCT TCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTA 

CTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGAT 

GATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTAC 

TGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAA 

CGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAAT 

GGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGG-3 3 00 

TGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACT 

GCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCC 

CATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCAC 

CAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGT 

GTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTG 

GACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAA- 3 6 00 

GGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGCTG 

GCCC GCTC CGCAAGGTAGCCGCTGATTGACACCCTGCACTTGCGGCTCCTC 

GGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCG 

GGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAA 

AGGCTCCTCGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCAT 

ATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGA-3 900 

CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCAC 

GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCT 

CCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGC 

AGCTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACT 

GGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAG 

GACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTC- 4200 
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CACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGGGGGCGCTTATGA 

CATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGG 

CATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT 

GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACAT 

CGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGC 

TATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTG-4500 

TCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGG 

CATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGAC 

CAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAC 

CGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAGACAGT 

CGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCA 

GGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG- 4800 

GAA6CCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGCAT 

GTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTA 

TGAGCTCACGCCCGCCGAGACTAGAGTTAGGCTACGAGCGTACATGAACAC 

CCCGGGGCTTCCCGTGTGCCAGGACCATCrTGAATTTTGGGAGGGCGTCTT 

TACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAG 

TGGGGAGAACCTTCCTT ACCTGGTAGCGTACCAAGCCACCGTGTG- 5100 

CGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTT 

GATTCGCCTCAAGCCCACCCTCCATGGGCCAAGACCCCTGCTATACAGACT 

GGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT 

CATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCT 

CGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGTCAACAGGCTG 

CGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAAT-5 4 00 

CATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTG 

CTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT 

CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT 

TATCGCCCCTGCTGTCCAGACGAACTGGCAAAAACTCGAGACCTTCTGGGC 

GAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTC 

AACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTAC-5700 

AGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACAT 

ATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGC 

CTTTCTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG 

GAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGC 

TCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCT 

GGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGT-6000 

CGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGG 

GGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCA 

TGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC 

TGCCATACTCAGCAGCCTCACTGTAACCGAGCTCCTGAGGCGACTGCACCA 

GTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGA 

CATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTG-6 300 

GCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTG 

CCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCATGCAGACTCG 

CTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAG 

GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCAT 

TAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACAC 

GTTCGCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAG-6 6 0 0 

FIG. 1-3 
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GCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTCAA 

ATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGT 

GCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGT 

ATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTACCTTG 

CGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTC 

CCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATC- 6900 

ACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCT 

CAAGGCAACTTGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGA 

GGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCAGGGTTGA 

GTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTGTGGCGGA 

GGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCG 

GAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAA-7200 

CCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTGTGGT 

CCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCG 

GAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGC 

CGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGG 

CGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGA 

CTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGA- 7500 

GCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGA 

GGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACTCTTGGACAGG 

CGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGC 

ACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTC 

ACX5CAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGT 

TCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC-7800 

GGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCT 

GACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGT 

CCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGA 

CCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAA 

CGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCT 

CATCGTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGC-8 100 

TTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTA 

CGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTG 

GAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGA 

CTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATG 

TTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAG 

GCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTG-8 400 

CGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTGGTAA 

CACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCT 

CCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGA 

AAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGC 

TATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGA 

CTTGGAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCA-8700 

CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCC 

CCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTG 

GCTAGGCA ACAT AATCATGTTTGCCCCCACACTGTGGGCGAGGATGATACT 

GATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGC 

CCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCT 

ACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT-9000 
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CCACAGTTACTCTCCAGGTGAAATTAATAGGGTGGCCGCATGCCTCAGAAA 
ACTTGGGGTACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCG 
CGCTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATATGTGGCAAGTACCT 
CTTCAACTGGGCAGTAAGAACAAAGCTCAAAC 

FIG. I -5 
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